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A B S T R A C T

Background

Products sweetened with non-nutritive sweeteners (NNS) are widely available. Many people with type 1 or type 2 diabetes use NNS as
a replacement for nutritive sweeteners to control their carbohydrate and energy intake. Health outcomes associated with NNS use in
diabetes are unknown.

Objectives

To assess the eMects of non-nutritive sweeteners in people with diabetes mellitus.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE Ovid, Scopus, the WHO ICTRP, and ClinicalTrials.gov.
The date of the last search of all databases (except for Scopus) was May 2019. We last searched Scopus in January 2019. We did not apply
any language restrictions.

Selection criteria

We included randomised controlled trials (RCTs) with a duration of four weeks or more comparing any type of NNS with usual diet, no
intervention, placebo, water, a diMerent NNS, or a nutritive sweetener in individuals with type 1 or type 2 diabetes. Trials with concomitant
behaviour-changing interventions, such as diet, exercise, or both, were eligible for inclusion, given that the concomitant interventions
were the same in the intervention and comparator groups.

Data collection and analysis

Two review authors independently screened abstracts, full texts, and records retrieved from trials registries, assessed the certainty of the
evidence, and extracted data. We used a random-eMects model to perform meta-analysis, and calculated eMect estimates as risk ratios
(RRs) for dichotomous outcomes and mean diMerences (MDs) for continuous outcomes, using 95% confidence intervals (CIs). We assessed
risk of bias using the Cochrane 'Risk of bias' tool and the certainty of evidence using the GRADE approach.

Main results

We included nine RCTs that randomised a total of 979 people with type 1 or type 2 diabetes. The intervention duration ranged from 4 to
10 months. We judged none of these trials as at low risk of bias for all ’Risk of bias’ domains; most of the included trials did not report the
method of randomisation.
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Three trials compared the eMects of a dietary supplement containing NNS with sugar: glycosylated haemoglobin A1c (HbA1c) was 0.4%
higher in the NNS group (95% CI −0.5 to 1.2; P = 0.44; 3 trials; 72 participants; very low-certainty evidence). The MD in weight change was
−0.1 kg (95% CI −2.7 to 2.6; P = 0.96; 3 trials; 72 participants; very low-certainty evidence). None of the trials with sugar as comparator
reported on adverse events.

Five trials compared NNS with placebo. The MD for HbA1c was 0%, 95% CI −0.1 to 0.1; P = 0.99; 4 trials; 360 participants; very low-certainty
evidence. The 95% prediction interval ranged between −0.3% and 0.3%. The comparison of NNS versus placebo showed a MD in body
weight of −0.2 kg, 95% CI −1 to 0.6; P = 0.64; 2 trials; 184 participants; very low-certainty evidence. Three trials reported the numbers of
participants experiencing at least one non-serious adverse event: 36/113 participants (31.9%) in the NNS group versus 42/118 participants
(35.6%) in the placebo group (RR 0.78, 95% CI 0.39 to 1.56; P = 0.48; 3 trials; 231 participants; very low-certainty evidence).

One trial compared NNS with a nutritive low-calorie sweetener (tagatose). HbA1c was 0.3% higher in the NNS group (95% CI 0.1 to 0.4; P =
0.01; 1 trial; 354 participants; very low-certainty evidence). This trial did not report body weight data and adverse events.

The included trials did not report data on health-related quality of life, diabetes complications, all-cause mortality, or socioeconomic
eMects.

Authors' conclusions

There is inconclusive evidence of very low certainty regarding the eMects of NNS consumption compared with either sugar, placebo, or
nutritive low-calorie sweetener consumption on clinically relevant benefit or harm for HbA1c, body weight, and adverse events in people
with type 1 or type 2 diabetes. Data on health-related quality of life, diabetes complications, all-cause mortality, and socioeconomic eMects
are lacking.

P L A I N   L A N G U A G E   S U M M A R Y

Non-nutritive sweeteners for diabetes mellitus

Review question

Are non-nutritive sweeteners beneficial or harmful in people with diabetes?

Background

Non-nutritive sweeteners are sweetening agents having higher sweetening intensity and lower calorie content per gram compared to
caloric sweeteners like sucrose or corn syrups. Both the general population and diabetic people use non-nutritive sweeteners as a caloric
sweetener replacement to control their carbohydrate and energy intake. Most of the non-nutritive sweeteners approved for human
consumption are synthetic (artificial sweeteners); however, increasing numbers of natural non-caloric sweeteners are becoming available
for human consumption. Products sweetened with non-nutritive sweeteners are widely available on the market: diet beverages, diet
yoghourts, desserts, and chewing gums are the most common products containing non-nutritive sweeteners. Non-nutritive sweeteners
are also available as table-top sweeteners for use by consumers at home as a sweetening agent for beverages and for cooking and baking.

There is very little information about the health consequences of this intensified non-nutritive sweeteners consumption in people with
diabetes. We wanted to find out whether non-nutritive sweeteners consumption in people with diabetes has an eMect on long-term average
blood sugar levels (glycosylated haemoglobin A1c - HbA1c), body weight, side eMects, diabetes complications (such as heart attack, eye
or kidney disease), and health-related quality of life.

Study characteristics

We found nine randomised controlled trials (studies in which participants are assigned to one of two or more treatment groups using a
random method) that allocated people with diabetes to either a group that received a non-nutritive sweetener or a comparator group.
The comparator was usual diet with additional sugar in three studies; placebo (a dummy pill) in five studies; and tagatose (a nutritive
low-calorie sweetener) in one study. The studies included a total of 979 participants; most of the studies were small, with fewer than 100
participants. The length of the studies varied from 4 to 10 months.

This evidence is up-to-date as of May 2019.

Key results

Data on health-related quality of life, diabetes complications, death from any cause, and socioeconomic eMects (such as absence from
work, visits to general practitioner, medication consumption) were lacking, and data were generally sparse for all comparisons. The
available data did not show a clear diMerence between non-nutritive sweeteners and sugar, placebo, or the nutritive low-calorie sweetener
tagatose for HbA1c, body weight, and side eMects.

Certainty of the evidence
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We rated the overall certainty of the evidence as very low, mainly due to the small numbers of included studies and participants and
methodological limitations of the included studies.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Non-nutritive sweeteners for diabetes mellitus

Non-nutritive sweeteners compared with sucrose, placebo, or a nutritive, low-calorie sweetener for diabetes mellitus

Patient: people with diabetes mellitus

Settings: outpatients

Intervention: non-nutritive sweeteners (aspartame, rebaudioside A, saccharin, sodium-cyclamate, sucralose, steviol glycoside)

Comparison: sucrose; placebo; nutritive, low-calorie sweetener (tagatose)

Outcomes/Comparisions Comparator
(sucrose; placebo;
nutritive, low-calo-
rie sweetener)

Non-nutritive sweeteners
(aspartame, rebaudioside
A, saccharin, sodium-cy-
clamate, sucralose, steviol
glycoside)

Relative effect
(95% CI)

Number of par-
ticipants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Health-related quality of life Not reported  

Diabetes complications Not reported  

All-cause mortality Not reported  

Non-serious adverse events (N)

NNS versus sugar Not reported  

NNS versus placebo

NNS: aspartame, rebaudioside A, stevi-
ol glycoside

Follow-up: 16 to 18 weeks

356 per 1000 278 per 1000 (139 to 555) RR 0.78 (0.39 to
1.56)

231 (3) ⊕⊝⊝⊝a

very low

 

NNS versus nutritive, low-calorie
sweetener

Not reported  

HbA1c (%)

NNS versus sugar The mean HbA1c
ranged across con-

The mean HbA1c in the NNS
group was 0.4% higher
(0.5% lower to 1.2% higher)

- 72 (3) ⊕⊝⊝⊝b

very low

 

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a
se o

f S
ystem

a
tic R

e
vie

w
s



N
o
n
-n
u
tritiv

e
 sw

e
e
te
n
e
rs fo

r d
ia
b
e
te
s m

e
llitu

s (R
e
v
ie
w
)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

5

NNS: aspartame, saccharin, sodi-
um-cyclamate

Follow-up: 4 to 6 weeks

trol groups from
6.8% to 7.5%

NNS versus placebo

NNS: aspartame, rebaudioside A, stevi-
ol glycoside

Follow-up: 13 to 16 weeks

The mean final
HbA1c ranged across
control groups from
7.3% to 11.4%

The mean HbA1c in the NNS
and placebo groups did not
differ (MD 0%, −0.1% lower
to 0.1% higher)

- 360 (4) ⊕⊝⊝⊝c

very low

The 95% pre-
diction inter-
val ranged be-
tween −0.3%
and 0.3%

NNS versus nutritive, low-calorie
sweetener (tagatose)

NNS: sucralose

Follow-up: 16 weeks

The mean HbA1c in
the control group
was 7.3%

The mean HbA1c in the NNS
group was 0.3% higher
(0.1% higher to 0.4% higher)

- 354 (1) ⊕⊝⊝⊝d

very low

 

Body weight (kg)

NNS versus sugar

NNS: aspartame, saccharin, sodi-
um-cyclamate

Follow-up: 4 to 6 weeks

The mean body
weight in the control
groups was 66.8 kg
to 75.9 kg

The mean body weight in
the intervention groups was
0.1 kg lower (2.7 kg lower
to 2.6 kg higher)

- 72 (3) ⊕⊝⊝⊝e

very low

 

NNS versus placebo

NNS: aspartame, rebaudioside A

Follow-up: 12 to 16 weeks

The mean final body
weight ranged across
control groups from
to 79.4 to 98.4 kg

The mean body weight in
the intervention groups was
0.2 kg lower (1 kg lower to
0.6 kg higher)

- 184 (2) ⊕⊝⊝⊝f

very low

 

NNS versus nutritive, low-calorie
sweetener

Not reported  

Socioeconomic effects Not reported  

*The basis for the assumed risk (e.g. the median control group risk across trials) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; HbA1c: glycosylated haemoglobin A1c; MD: mean difference; NNS: non-nutritive sweetener; RR: risk ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
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Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aDowngraded by one level because of inconsistency (no consistent direction of eMect) and two levels because of serious imprecision (CI consistent with benefit and harm, small
sample size, and small number of studies) - see Appendix 18.
bDowngraded by one level because of inconsistency (point estimates varied widely, not all CIs overlapped, no consistent direction of eMect); one level because of indirectness
(surrogate outcome, insuMicient time frame); and one level because of serious imprecision (CI consistent with benefit and harm, small sample size, and small number of studies)
- see Appendix 17.
cDowngraded by one level because of indirectness (surrogate outcome) and two levels because of serious imprecision (small sample size and small number of studies) - see
Appendix 18.
dDowngraded by one level because of risk of bias (attrition bias and selective reporting); one level because of indirectness (surrogate outcome); and one level because of
imprecision (small number of included studies) - see Appendix 19.
eDowngraded by one level because of inconsistency (no consistent direction of eMect) and two levels because of serious imprecision (CI consistent with benefit and harm, small
sample size, and small number of studies) - see Appendix 17.
fDowngraded by one level because of risk of bias (selective reporting) and two levels because of serious imprecision (small sample size and small number of included studies)
- see Appendix 18.
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B A C K G R O U N D

Description of the condition

Diabetes mellitus is a metabolic disorder impeding the pancreas
from producing enough insulin, body cells from responding
properly to the insulin produced, or both. This leads to
chronic hyperglycaemia (i.e. elevated plasma glucose levels) and
disturbances of carbohydrate, fat, and protein metabolism. In
the long term, this condition leads to complications such as
retinopathy, nephropathy, neuropathy, and an increased risk for
cardiovascular diseases.

Diabetes is one of the most common diseases in the world, and
its burden is increasing continuously: the global prevalence of
diabetes in adults over 18 years of age was 8.5% in 2014 (WHO 2016).
Diabetes was the direct cause of 1.5 million deaths in 2012 (WHO
2016). The global cost of diabetes was about USD 825,000 million
per year in 2016 (NCD-RisC 2016).

A healthy diet, regular physical activity, and pharmacotherapy are
key components of diabetes management. For many individuals
with diabetes, the most challenging part of the treatment plan is
determining what to eat.

Today, nutrition therapy is recommended for all people with type
1 and type 2 diabetes as a component of their overall treatment
plan (Evert 2013). The goals of nutrition therapy are to promote
and support healthy eating patterns with a variety of nutrient-
dense foods in appropriate portion size to achieve individualised
glycaemic, blood pressure, and lipid goals; attain and maintain
body weight goals; and delay or prevent complications of diabetes.
A further goal is to maintain the pleasure of eating by providing
positive messages about food choices and practical tools for day-
to-day meal planning (Evert 2013).

Description of the intervention

Non-nutritive sweeteners (NNS) are defined as sweetening agents
having higher sweetening intensity and lower calorie content per
gram compared to caloric sweeteners like sucrose or corn syrups
(Chattopadhyay 2014). Both the general population and individuals
with type 1 or type 2 diabetes use NNS as a caloric sweetener
replacement to control their carbohydrate and energy intake.

Most of the NNS approved for human consumption are synthetic
(artificial sweeteners); however, increasing numbers of natural
non-caloric sweeteners are becoming available for human
consumption.

Products sweetened with NNS are widely available on the market:
diet beverages, diet yoghourts, desserts, and chewing gums are the
most common products with NNS. NNS are also available as table-
top sweeteners for use by consumers at home as a sweetening
agent for beverages and for cooking and baking.

With regard to the range of approved artifical sweeteners, there
are important diMerences amongst countries. In the USA, the
Food and Drug Administration (FDA) has to date approved
six artificial sweeteners for human consumption: acesulfame-
K, aspartame, neotame, saccharin, sucralose, and advantame.
Additionally, steviol glycosides, thaumatin, and luo han guo
fruit extracts (mogrosides) are approved NNS of natural origin
(FDA 2015a). In the European Union, the following 11 NNS

are approved for use in foods and drinks by the European
Food Safety Authority: acesulfame-K (E950), advantame (E969),
aspartame (E951), aspartame-acesulfame salt (E962), cyclamate
(E952), neohesperidine DC (E959), neotame (E961), saccharin
(E954), steviol glycosides (E960), sucralose (E955), and thaumatin
(E957) (FSA 2016).

Approved NNS are described in more detail below. Table 1 lists
the acceptable daily intake levels defined by the main regulatory
bodies (JECFA 2010).

Acesulfame-K (acesulfame potassium) is a combination of an
organic acid and potassium and was first approved for general use
as an NNS in 1988. It contains 0 kilocalories (kcal)/g and is 200 times
sweeter than sucrose (Chattopadhyay 2014). The estimated daily
intake (EDI; i.e. the presumed daily consumption of NNS) ranges
from 0.2 to 1.7 mg/kg of body weight (Fitch 2012; Gardner 2012).

Advantame is an N-substituted derivative of aspartame made from
aspartame and vanillin (Otabe 2011). It is approximately 20,000
times sweeter than sucrose (FDA 2015a).

Aspartame is the methyl ester of the dipeptide of the amino acids
aspartic acid and the essential amino acid phenylalanine. It was
approved for general use in 1981 and is 180 to 200 times sweeter
than sucrose (Chattopadhyay 2014). Although it has 4 kcal/g, the
intensity of sweet taste means that very small amounts are required
to achieve desired sweetness levels. The EDI ranges from 0.2 to 4.1
mg/kg of body weight (Fitch 2012; Gardner 2012).

Cyclamate (cyclamic acid) is used as an NNS in two forms: sodium
cyclamate and calcium cyclamate. It is 30 times sweeter than
sucrose and contains zero calories (Chattopadhyay 2014). It is used
in more than 50 countries (Fitch 2012); however, cyclamate and its
salts are currently prohibited from use in the USA (FDA 2015a).

Luo han guo (also known as Siraitia grosvenori) fruit extract is a
traditional Chinese herb containing varying levels of mogrosides.
Depending on the mogroside content, it is reported to be 100 to 250
times sweeter than sucrose (FDA 2015a).

Neohesperidine dihydrochalcone (DC) is a non-nutritive
sweetener derived from the flavones of citrus fruit. The customary
concentration is 400 to 600 times sweeter than sucrose.

Neotame is a dipeptide methyl ester derivate. It has a sweetness
factor approximately 7000 to 13,000 times greater than that of
sucrose and approximately 30 to 60 times greater than that of
aspartame, depending on the food application (Aguilar 2007).

Saccharin is the oldest NNS, first discovered and used in 1879 (FDA
2015b). It is an organic chemical compound (O-sulfobenzimide)
that can be artificially synthesised in various ways. It has no calories
and is about 300 times sweeter than sucrose (Chattopadhyay 2014);
however, it has an unpleasant bitter or metallic aVertaste. The EDI
ranges from 0.1 to 2.0 mg/kg of body weight (Fitch 2012).

Stevia rebaudiana -based products are the best-known NNS of
natural origin. Steviol glycosides, extracted from the plant stevia,
contain stevioside and rebaudioside A as well as other glycosides
(Ceunen 2013). Steviol glycosides are 10 to 15 times sweeter than
sucrose. Stevia has been used as a sweetener in some countries
(e.g. Japan) for decades, whilst it was approved as a food additive
by the European Food Safety Authority in 2011 (EC 2011).The FDA

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

first recognised the use of certain steviol glycosides as a sweetener
as generally safe in 2008 (FDA 2008).

Sucralose is an organic chemical compound (trichlorosucrose) that
has been approved for general use as a non-nutritive sweetener
since 1999 (Gardner 2012). It is 450 to 650 times sweeter than
sucrose and has 0 kcal/g. The quality and intensity of sweet taste is
very close to that of sucrose (Chattopadhyay 2014). The EDI ranges
from 0.1 to 2.0 mg/kg of body weight (Fitch 2012).

Thaumatin is a mixture of sweet-tasting polypeptides that can be
extracted from the skin surrounding the seeds of the West African
katemfe fruit.

Adverse e<ects of the intervention

Food safety agencies consider consumption of NNS up to the
acceptable daily intake to be safe; however, the eMects of NNS
on glucose metabolism are not clearly understood (Romo-Romo
2016). Individuals with diabetes may consume NNS for very long
periods (i.e. years or even decades) on a daily basis, possibly at an
amount exceeding the acceptable daily intake levels (Ilbäck 2003).
There has been little research on the negative health outcomes
arising as a consequence of consuming such considerable amounts
of NNS over long periods, and even less focusing specifically on
people with diabetes.

A potentially increased risk for cancer is a starting point for many
debates around the safety of NNS (Gallus 2007).

Additionally, some studies indicated that NNS consumption might
lead to weight gain instead of the expected weight loss (Mattes
2009), which in people with diabetes could lead to the worsening of
glycaemic control, blood pressure, and lipid profile (ADA 2016).

Furthermore, some researchers have also questioned whether
NNS (consumed without caloric sweeteners) could enhance the
cephalic phase of insulin secretion (the early increase of insulin
secretion immediately following gustatory stimulation, prior to the
rise of blood glucose) by evoking the recognition of the sweet
taste, sight, smell, and expectation of food, and whether in the
absence of caloric sweetener intake it could lead to exercise-
induced hypoglycaemia (Ferland 2007; Just 2008).

A systematic review and dose-response meta-analysis of
prospective studies found a positive association between
artificially sweetened soV drink intake and type 2 diabetes risk
(Greenwood 2014).

How the intervention might work

The mechanisms by which NNS might influence health outcomes
in people with diabetes include improvement in glycaemic control
and facilitation of weight management.

One of the key elements in nutrition therapy for type 1 diabetes
is carbohydrate-counting meal planning and adjustments to
insulin doses based on carbohydrate intake, in order to maintain
blood glucose levels within the normal range. A simple diabetes
meal planning approach such as portion control may be an
appropriate nutrition strategy for individuals with type 2 diabetes.
Use of NNS has the potential to reduce the overall caloric and
carbohydrate intake if they substitute for caloric sweeteners,

without compensation by intake of additional calories from other
food sources (Evert 2013).

If people with diabetes use NNS to replace caloric sweeteners
without caloric compensation, then NNS may also be useful
in weight management. Since being overweight and obese can
worsen glycaemic control and increase cardiometabolic risk,
preventing weight gain in individuals with diabetes is considered to
be important. Dietary changes can result in modest and sustained
weight loss, and they may produce clinically meaningful reductions
in glycosylated haemoglobin A1c (HbA1c) and triglycerides (ADA
2016; Pastors 2002).

Why it is important to do this review

One systematic review focusing on the eMects of FDA-approved
NNS in individuals with diabetes found that NNS do not appear
to aMect glycaemic control (Timpe Behnen 2013). However, that
systematic review was limited in that it included only studies
published in English and only considered NNS available in the
USA. New trials have been published since then that could provide
additional relevant evidence. Furthermore, it is important to focus
on determining the eMects of regular NNS use on patient-important
outcomes, such as morbidity, mortality, and adverse eMects, which
Timpe Behnen 2013 did not address.

Non-nutritive sweeteners as part of nutrition therapy represent a
simple and cheap intervention that might help decrease the need
for antidiabetic drugs, insulin, or both, thereby delaying possible
complications. Given that diabetes is a major public health problem
worldwide, such an intervention might have huge benefits for
health systems in terms of reducing burden and costs.

O B J E C T I V E S

To assess the eMects of non-nutritive sweeteners for diabetes
mellitus.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs).

Types of participants

Individuals with type 1 or type 2 diabetes mellitus.

Diagnostic criteria for diabetes mellitus

In order to be consistent with changes in the classification
and diagnostic criteria for diabetes mellitus over the years, the
diagnosis should be established using the standard criteria valid at
the time of trial commencement (e.g. ADA 2003; ADA 2008; WHO
1998). Trials should ideally describe diagnostic criteria. If necessary,
we used the study authors' definition of diabetes mellitus. We
planned to subject diagnostic criteria to a sensitivity analysis.

Types of interventions

We planned to investigate the following comparisons of
intervention versus control/comparator.

Non-nutritive sweeteners for diabetes mellitus (Review)
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Intervention

• Any type of NNS, either alone or in combination with another
NNS.

• NNS plus a behaviour-changing intervention such as diet,
exercise, or both.

Comparisons

• Usual diet versus NNS.

• No intervention versus NNS.

• Placebo versus NNS.

• Water versus NNS.

• NNS versus a diMerent NNS.

• NNS versus NNS of a diMerent dose.

• NNS versus a nutritive or low-calorie sweetener.

• Behaviour-changing intervention such as diet, exercise, or both
versus NNS plus behaviour-changing intervention.

Concomitant interventions had to be similar in the intervention
and comparator groups to allow fair comparisons and to isolate the
eMect of NNS on health outcomes.

Minimum duration of intervention

We considered RCTs in which the intervention had a minimum
duration of four weeks.

Minimum duration of follow-up

Minimum duration of follow-up was four weeks aVer start of the
intervention. We defined extended follow-up periods (also called
open-label extension studies) as follow-up of participants once the
original trial as specified in the trial protocol had been terminated.

Summary of specific exclusion criteria

None.

Types of outcome measures

We included outcomes that are measured for as long as follow-up
is carried out at any given time point. We classified the outcome
measurement as medium and long term. We defined 'medium
term' as at least four weeks to less than six months and 'long term'
as six months or more. We used the data at the longest follow-up
available for the meta-analyses.

Primary outcomes

• HbA1c

• Body weight

• Adverse events

Secondary outcomes

• Diabetes complications

• All-cause mortality

• Health-related quality of life

• Anthropometric measures other than body weight

• Lipid profile

• Glucose levels (fasting and postprandial)

• Serum insulin

• Insulin sensitivity

• Socioeconomic eMects

We included trials reporting at least one of the listed primary
or secondary outcome measures in the publication. Trials not
reporting on any of our primary or secondary outcomes were
excluded, but we reported some basic information for these trials
in the 'Characteristics of studies awaiting classification' table.

Method of outcome measurement

• HbA1c: measured in % (mmol/mol).

• Body weight: measured in kilograms (kg).

• Adverse events: such as hypoglycaemic episodes, abdominal
discomfort, flatulence, or diarrhoea measured at any time aVer
participants had been randomised to intervention/comparator
groups.

• Diabetes complications: defined as diabetic nephropathy,
diabetic neuropathy, diabetic retinopathy, and cardiovascular
events.

• All-cause mortality: defined as death from any cause and
measured at any time aVer participants were randomised to
intervention/comparator groups.

• Health-related quality of life: evaluated by a validated
instrument such as Audit of Diabetes-Dependent Quality of Life
(ADDQoL) or 36-Item Short Form Health Survey (SF-36).

• Anthropometric measures other than body weight (kg): defined
as BMI (body mass index; kg/m2), waist circumference (cm), per
cent of body fat (%), or waist-to-hip ratio.

• Lipid profile: analysed by total cholesterol, high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglycerides (TG).

• Glucose levels: fasting blood glucose levels (mg/dL) and
postprandial blood glucose levels (mg/dL).

• Serum insulin: measured in microunits/mL.

• Insulin sensitivity: analysed by the homeostasis model
assessment of insulin resistance (HOMA-IR).

• Socioeconomic eMects: such as direct costs defined as
admission/readmission rates, average length of hospital
stay, visits to general practitioner, visits to the emergency
department; medication consumption; indirect costs defined as
resources lost due to illness by the participant or their family
member or absence from work.

Timing of outcome measurement

With the exception of adverse events and all-cause mortality
(measured at any time aVer participants were randomised
to intervention/comparator groups), we considered outcomes
measured aVer a minimum follow-up of four weeks.

Search methods for identification of studies

Electronic searches

We searched the following sources from the inception of
each database with no restrictions placed on the language of
publication.

• Cochrane Central Register of Controlled Trials (CENTRAL) via the
Cochrane Register of Studies Online (CRSO, crso.cochrane.org)
(searched on 23 May 2019).

Non-nutritive sweeteners for diabetes mellitus (Review)
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• MEDLINE Ovid (Epub Ahead of Print, In-Process & Other Non-
Indexed Citations, Ovid MEDLINE (R) Daily and Ovid MEDLINE (R);
from 1946 to 20 May 2019) (searched on 21 May 2019).

• Scopus (www.scopus.com) (searched on 09 January 2019).

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov) (searched on 23 May
2019).

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP, www.who.int/trialsearch) (searched on 28
May 2019).

We did not include Embase in our search as RCTs indexed in Embase
are now prospectively added to CENTRAL via a highly sensitive
screening process (Cochrane 2018).

Details of the search strategies are shown in Appendix 1. We applied
no restrictions on the language of publication when searching the
electronic databases or reviewing reference lists of identified trials.

Searching other resources

We attempted to identify other potentially eligible trials or
ancillary publications by searching the reference lists of included
trials, (systematic) reviews, meta-analyses, and health technology
assessment reports. In addition, we contacted authors of included
trials to identify any additional information on the retrieved trials
and to determine if there were further trials that we may have
missed.

We did not use abstracts or conference proceedings for data
extraction unless full data were available from the trial authors
because this information source does not fulfil the CONSORT
requirements, which consist of "an evidence-based, minimum set
of recommendations for reporting randomized trials" (CONSORT
2010; Scherer 2018). We planned to list key data of abstracts in an
appendix.

We defined grey literature as records detected in ClinicalTrials.gov
or WHO ICTRP, and we additionally searched the database of the
FDA (www.fda.gov/Food).

Data collection and analysis

Selection of studies

Pairs of review authors (SL, IT, DK) independently screened the
abstract, title, or both, of every record retrieved by the literature
searches to determine which trials should be assessed further. We
performed the screening using Covidence soVware (Covidence).
We obtained the full texts of all potentially relevant records and
screened these for eligibility. Any disagreements were resolved
through consensus or by recourse to a third review author (SL, IT,
DK, or JM). If we could not resolve a disagreement, we categorised
the trial as a study awaiting classification and contacted the
trial authors for clarification. We have presented a PRISMA flow
diagram to describe the process of trial selection (Liberati 2009).
All articles excluded aVer full-text assessment and the reasons for
their exclusion are described in Characteristics of excluded studies
tables.

Data extraction and management

Pairs of review authors (SL, IT, DK) independently extracted key
participant and intervention characteristics of the trials that

met our inclusion criteria. We described interventions using the
'template for intervention description and replication' (TIDieR)
checklist (HoMmann 2014; HoMmann 2017).

We recorded data on eMicacy outcomes and adverse events using
standardised data extraction sheets from the Cochrane Metabolic
and Endocrine Disorders Group. Any disagreements were resolved
by discussion or by consultation with a third review author (SL, IT,
DK, or JM) if required. For details see Characteristics of included
studies; Table 2; Appendix 2; Appendix 3; Appendix 4; Appendix
5; Appendix 6; Appendix 7; Appendix 8; Appendix 9; Appendix 10;
Appendix 11; Appendix 12; Appendix 13; Appendix 14; Appendix 15;
Appendix 16; Appendix 17; Appendix 18; Appendix 19.

We attempted to find the protocol for each included trial and
reported primary, secondary, and other outcomes in comparison
with data in publications in Appendix 9 to assess risk of selective
outcome reporting.

We emailed all authors of included trials to enquire as to whether
they would be willing to answer questions regarding their trials. The
results of this survey are presented in Appendix 16. We thereaVer
sought relevant missing information on the trial from the primary
trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents, or
multiple reports of a primary trial, we maximised the information
yield by collating all available data, and used the most complete
data set aggregated across all known publications. We listed
duplicate publications, companion documents, multiple reports
of a primary trial, and trial documents of included trials (such
as trial registry information) as secondary references under the
study ID of the included trial. Furthermore, we also listed duplicate
publications, companion documents, multiple reports of a trial,
and trial documents of excluded trials (such as trial registry
information) as secondary references under the study ID of the
excluded trial.

Data from clinical trial registries

If data from included trials were available as study results in clinical
trial registries such as ClinicalTrials.gov or similar sources, we made
full use of this information and extracted the data. If there was also
a full publication of the trial, we collated and critically appraised
all available data. If an included trial was marked as a completed
study in a clinical trial registry but no additional information (study
results, publication, or both) was available, we added this trial to
the 'Characteristics of studies awaiting classification' table.

Assessment of risk of bias in included studies

Pairs of review authors (SL, IT, DK) independently assessed the risk
of bias of each included trial. Any disagreements were resolved by
consensus or by consultation with a third review author (SL, IT, DK,
or JM). In case of disagreement, we consulted the rest of the author
team and made a judgement based on consensus. If adequate
information was not available from publications, trial protocols, or
other sources, we contacted the trial authors to request missing
data on the 'Risk of bias' domains.

We used the Cochrane 'Risk of bias' assessment tool (Higgins
2019b), to assign assessments of low, high, or unclear risk of bias
(for details see Appendix 2; Appendix 3). We evaluated individual
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bias items as described in the Cochrane Handbook for Systematic
Reviews of Interventions, according to the criteria and associated
categorisations therein (Higgins 2019b).

Summary assessment of risk of bias

A 'Risk of bias' graph and 'Risk of bias' summary figure are shown
in Figure 2 and Figure 3.

We distinguished between self-reported and investigator-assessed
outcome measures.

We considered the following self-reported outcomes.

• Body weight

• Adverse events

• Health-related quality of life

• Glucose levels

We considered the following investigator-assessed outcomes.

• HbA1c

• Body weight

• Diabetes complications

• All-cause mortality

• Anthropometric measures other than body weight

• Lipid profile

• Glucose levels

• Serum insulin

• Insulin sensitivity

• Socioeconomic eMects

Risk of bias for a trial across outcomes

Some 'Risk of bias' domains, such as selection bias (sequence
generation and allocation sequence concealment), aMect the risk
of bias across all outcome measures in a trial. In case of high
risk of selection bias, we marked all outcomes investigated in
the associated trial as at high risk of bias. Otherwise, we did
not perform a summary assessment of the risk of bias across all
outcomes for a trial.

Risk of bias for an outcome within a trial and across domains

We assessed the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both trial-level entries and
outcome-specific entries). We considered low risk of bias to denote
a low risk of bias for all key domains; unclear risk to denote an
unclear risk of bias for one or more key domains; and high risk to
denote a high risk of bias for one or more key domains.

Risk of bias for an outcome across trials and across domains

These are the main summary assessments that we incorporated
into our judgements regarding the certainty of evidence in the
'Summary of findings' tables. We defined outcomes as being at low
risk of bias when most information came from trials at low risk of
bias; unclear risk when most information came from trials at low or
unclear risk of bias; and high risk when a suMicient proportion of
information came from trials at high risk of bias.

Measures of treatment e<ect

When at least two included trials were available for a comparison
of a given outcome, we tried to express dichotomous data as a risk
ratio (RR) or an odds ratio (OR), with 95% confidence intervals (CIs).
For continuous outcomes measured on the same scale (e.g. weight
loss in kg), we estimated the intervention eMect using the mean
diMerence (MD) with 95% CIs. For continuous outcomes measuring
the same underlying concept (e.g. health-related quality of life) but
using diMerent measurement scales, we planned to calculate the
standardised mean diMerence (SMD) with 95% CIs.

Unit of analysis issues

We took into account the level at which randomisation occurred,
such as cross-over trials, and multiple observations for the same
outcome. For more than one available comparison from the same
trial eligible for inclusion in the same meta-analysis, we planned to
either combine groups to create a single pair-wise comparison or
appropriately reduce the sample size so that the same participants
did not contribute data to the meta-analysis more than once
(splitting the 'shared' group into two or more groups). Whilst the
latter approach oMers some solution to adjusting the precision of
the comparison, it does not account for correlation arising from
the same set of participants being in multiple comparisons (Higgins
2019a).

We attempted to re-analyse cluster-RCTs that did not appropriately
adjust for potential clustering of participants within clusters in
their analyses and therefore the variance of the intervention eMects
was inflated by a design eMect. Calculation of a design eMect
involves estimation of an intracluster correlation coeMicient (ICC).
We planned to obtain estimates of ICCs through contact with
authors or impute them, either using estimates from other included
trials that reported ICCs or using external estimates from empirical
research (e.g. Bell 2013). We planned to examine the impact of
clustering using sensitivity analyses.

Dealing with missing data

If possible, we obtained missing data from the authors of the
included trials. We carefully evaluated important numerical data
such as screened, randomly assigned participants as well as
intention-to-treat, as-treated, and per-protocol populations. We
investigated attrition rates (e.g. dropouts, losses to follow-up and
withdrawals), and critically appraised issues concerning missing
data and use of imputation methods (e.g. last observation carried
forward) if individuals were missing from the reported results.

When change from baseline is the outcome of interest, missing
standard deviations (SD) for changes from baseline constitute a
special case. If the trial authors did not explicitly present these data,
and we could not obtain them from the authors, we calculated the
mean change in each group by subtracting the final mean from
the baseline mean. When baseline and final SDs were available, we
imputed the missing SD using an imputed value for the correlation
coeMicient (Abrams 2005; Follmann 1992). Here, we planned to
use a correlation coeMicient of zero (Higgins 2019a, see 16.1.3.2
'Imputing standard deviations for changes from baseline'), and
wanted to check in sensitivity analyses whether the overall result
of the analysis was robust to the use of diMerent correlation
coeMicients. We planned to report per outcome which trials with
imputed SDs were included. For cross-over trials with mean
diMerence as the measure of treatment eMect, missing SD of the
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diMerence was imputed based on correlation coeMicient obtained
from trials where SD of the diMerence was given. If there was no such
trial, we used the value of 0.5, performing sensitivity analyses for 0
and 0.8 (Higgins 2019a, see 16.4.6.1 'Mean diMerences').

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogeneity,
we did not report trial results as the pooled eMect estimate in a
meta-analysis.

We identified heterogeneity (inconsistency) by visually inspecting
the forest plots and by using a standard Chi2 test with a significance
level of α = 0.1 (Deeks 2019). In view of the low power of
this test, we also considered the I2 statistic — which quantifies
inconsistency across trials —to assess the impact of heterogeneity
on the meta-analysis (Higgins 2002; Higgins 2003). When we found
heterogeneity, we attempted to determine the possible reasons for
it by examining individual characteristics of the trial and subgroups.

Assessment of reporting biases

If we included 10 or more trials that investigated a given outcome,
we would use funnel plots to assess small-trial eMects. There
are several possible explanations for funnel plot asymmetry,
including true heterogeneity of eMect with respect to trial size,
poor methodological design (and hence small-trial bias), and
publication bias (Sterne 2017). We therefore planned to interpret
the results carefully (Sterne 2011).

Data synthesis

We planned to undertake (or display) a meta-analysis only if we
judged the participants, interventions, comparisons, and outcomes
to be suMiciently similar to ensure a result that was clinically
meaningful. Unless good evidence showed homogeneous eMects
across trials of diMerent methodological quality, we primarily
summarised data that are of low risk of bias using a random-
eMects model (Wood 2008). We interpreted random-eMects meta-
analyses with due consideration to the whole distribution of
eMects and planned to present prediction intervals (Borenstein
2017a; Borenstein 2017b; Higgins 2009). A prediction interval needs
at least three trials to be calculated and specifies a predicted
range for the true treatment eMect in an individual trial (Riley
2011). For rare events such as event rates below 1%, we used
Peto's odds ratio method, provided that there was no substantial
imbalance between intervention and comparator group sizes,
and intervention eMects were not exceptionally large. In addition,
we performed statistical analyses according to the statistical
guidelines presented in the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2019).

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical
heterogeneity, and we planned to carry out subgroup analyses for
these, including investigation of interactions (Altman 2003).

• Type 1 or type 2 diabetes.

• Age groups (children: 0 to 18 years; adults: 19 to 64 years; elderly:
65 years or older).

• Length of non-nutritive sweetener intervention (medium versus
long term).

• DiMerent types of non-nutritive sweeteners used.

• DiMerent types of sources of non-nutritive sweeteners (liquid,
mixed, solid).

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors (when applicable) on eMect sizes by
restricting analysis to the following.

• Published trials.

• EMect of risk of bias, as specified in the Assessment of risk of bias
in included studies section.

• Very long or large trials to establish the extent to which they
dominated the results.

We used of the following filters, if applicable: diagnostic criteria,
imputation used, language of publication (English versus other
languages), source of funding (industry versus other), or country
(depending on data).

We also tested the robustness of results by repeating the analyses
using diMerent statistical models (fixed-eMect and random-eMects
models).

Certainty of the evidence

We presented the overall certainty of the evidence for each
outcome specified below, according to the GRADE approach,
which takes into account issues related to internal validity (risk
of bias, inconsistency, imprecision, publication bias) and external
validity (such as directness of results). Two review authors (SL,
DK) independently rated the certainty of the evidence for each
outcome. We resolved any diMerences in assessment by discussion
or by consultation with a third review author (SL, IT, DK, JM).

We included 'Checklists to aid consistency and reproducibility of
GRADE assessments' (Appendix 17; Appendix 18; Appendix 19)
to help with standardisation of the 'Summary of findings' tables
(Meader 2014). We presented results for the outcomes as described
in the Types of outcome measures section. If meta-analysis was
not possible, we presented the results in a narrative format in the
'Summary of findings' table. We justified all decisions to downgrade
the certainty of the evidence using footnotes, and made comments
to aid the reader's understanding where necessary.

'Summary of findings' table

We presented a summary of the evidence in a 'Summary of
findings' table. This provides key information about the best
estimate of the magnitude of the eMect, in relative terms and as
absolute diMerences, for each relevant comparison of alternative
management strategies; the numbers of participants and trials
addressing each important outcome; and a rating of overall
confidence in eMect estimates for each outcome. We created the
'Summary of findings' table based on the methods described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2019), using the Review Manager 5 table editor
(Review Manager 2014). Interventions presented in the 'Summary
of findings' table were any type of NNS with or without a behaviour-
changing intervention, and comparators were usual diet, no
intervention, placebo, water, or a behaviour-changing intervention
alone.

We reported the following outcomes, listed according to priority.
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1. Health-related quality of life

2. Diabetes complications

3. All-cause mortality

4. Adverse events

5. HbA1c

6. Body weight (kg)

7. Socioeconomic eMects

R E S U L T S

Description of studies

For a detailed description of trials, see Table 2, Characteristics of
included studies and Characteristics of excluded studies.

Results of the search

The search was first run in January 2018, and then updated in
May 2019 (see Appendix 1 for details on search strategies). We
retrieved 1699 unique records. Most of the references clearly did
not meet the inclusion criteria based on title and abstract review
and were excluded (Figure 1). We evaluated 94 full texts or records
to determine their eligibility for inclusion in the review. Nine RCTs
published in 11 records met our inclusion criteria.
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Figure 1.   Trial flow diagram.

 
Ongoing trials

We did not identify ongoing trials matching our in- and exclusion
criteria.

Included studies

A detailed description of the characteristics of included trials is
presented in Characteristics of included studies; Table 2; Appendix
4; Appendix 5; Appendix 6; Appendix 7; Appendix 8; Appendix 9;
Appendix 10; Appendix 11; Appendix 12; Appendix 13; Appendix 14;
Appendix 15; Appendix 16. The following is an overview of the main
results.

Source of data

All included trials were published as full publications, and no
additional information was found in trial registries or other trial
documents (see Appendix 9). We contacted authors of all included
trials by email (Appendix 16). We also contacted the trial authors
when important information was needed to make a final decision
on the inclusion or exclusion of a study (Appendix 16).

One trial identified in a trial registry was finally excluded
based on information received from the authors via
email (EUCTR2006-002395-18-DK). In the case of other trial
methodological issues that could be resolved through email
correspondence with the authors, we used this information to
assess the risk of bias (Chantelau 1985).
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Comparisons

In five trials NNS were compared to placebo (Barriocanal 2008;
Grotz 2003; Maki 2008; Nehrling 1985; Stern 1976), whilst in
three trials NNS supplementation was compared to a supplement
containing sucrose (Chantelau 1985; Colagiuri 1989; Cooper 1988).
One trial compared NNS to another type of sweetener (Ensor 2015).

The type of NNS varied widely amongst trials: in two trials a Stevia
rebaudiana-based product was compared to placebo (Barriocanal
2008; Maki 2008); in one trial sucralose was compared to placebo
(Grotz 2003); and in two trials aspartame was compared to placebo
(Nehrling 1985; Stern 1976). In the trials using a sucrose-containing
comparator, the investigated NNS were: aspartame (Colagiuri
1989), saccharin (Cooper 1988), or cyclamate (Chantelau 1985).
In one trial a Stevia rebaudiana-based product was compared to
tagatose (Ensor 2015).

Overview of trial populations

The number of participants initially screened was described in
three trials, ranging from 10, in Chantelau 1985, to 175, in Maki 2008.

A total of 661 of 979 randomised participants completed the trials,
of these 364 were randomised to the intervention and 333 to the
comparator group (see Table 2). The proportion of randomised
participants completing the trial ranged between 41.3%, in Ensor
2015, and 100%, in Chantelau 1985; Colagiuri 1989; Cooper 1988.
Individual final sample size ranged from 9, in Colagiuri 1989, to 204,
in Ensor 2015.

Trial design

Trials were published between the years 1976, Stern 1976, and
2015, Ensor 2015. Dates when trials were performed were not
clearly stated in trials.

Six trials were parallel RCTs (Barriocanal 2008; Ensor 2015; Grotz
2003; Maki 2008; Nehrling 1985; Stern 1976), whilst three trials had
a cross-over design (Chantelau 1985; Colagiuri 1989; Cooper 1988).
Five trials with parallel design had placebo as the comparator
(Barriocanal 2008; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976), and one used another type of sweetener as comparator
(Ensor 2015). The three cross-over trials compared NNS to sucrose.

Seven trials performed blinding of participants and personnel
(Barriocanal 2008, Colagiuri 1989; Cooper 1988; Ensor 2015; Grotz
2003; Nehrling 1985; Stern 1976); one trial clearly stated that
participants were not blinded (Chantelau 1985); and the remaining
trial reported no information on blinding (Maki 2008). Blinding of
outcome assessors was generally not reported.

Six trials had a run-in period with a duration of either one week
(Nehrling 1985; Stern 1976), two weeks (Maki 2008), four weeks
(Chantelau 1985; Grotz 2003), or eight weeks (Ensor 2015). In
one of these studies participants received placebo capsules two
times a day during the run-in period (Grotz 2003). The duration
of the intervention in the included trials varied from four weeks,
in Chantelau 1985, to 10 months, in Ensor 2015. Only one trial
followed participants aVer the intervention period (Grotz 2003).

The number of randomised participants varied from nine in a small
cross-over trial, Colagiuri 1989, to 494 in a parallel trial, Ensor 2015.
Four trials were multicentre trials (Ensor 2015; Grotz 2003; Maki

2008; Stern 1976), whilst the others were conducted in only one
centre.

None of the trials was terminated prematurely.

Settings

All trials were performed in outpatient settings.

Participants

One trial included only individuals with type 1 diabetes (Chantelau
1985); two trials included both individuals with type 1 and 2
diabetes (Barriocanal 2008; Nehrling 1985), whilst all other trials
included participants with type 2 diabetes only. Duration of
diabetes was reported in two trials for type 1, Barriocanal 2008;
Chantelau 1985, and in four trials for type 2 diabetes (Barriocanal
2008; Colagiuri 1989; Grotz 2003; Maki 2008); duration of disease
was more than one year, Chantelau 1985, or more than five years,
Barriocanal 2008, for individuals with type 1 diabetes, whilst it
ranged from more than one year, Barriocanal 2008; Maki 2008, to
a mean duration of 10.2 years, Grotz 2003, in those with type 2
diabetes.

All trials included adult males and females. Mean age of
participants at baseline was reported in six trials (Barriocanal 2008;
Colagiuri 1989; Cooper 1988; Ensor 2015; Grotz 2003, Maki 2008),
ranging from 25.4 to 65.6 years. Two studies provided age range of
participants (Chantelau 1985; Stern 1976).

Ethnicity was reported in three trials (Ensor 2015; Grotz 2003; Maki
2008): two trials included mainly white people, while the third trial
included mainly Asian participants (Ensor 2015). Six of the nine
included trials were conducted partly, Ensor 2015, or fully in the
USA (Cooper 1988; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976). None of the included trials involved participants from low-
income countries.

Seven trials reported baseline HbA1c levels. Three trials included
individuals with HbA1c ≤ 7.5% at screening (type 2 diabetes
group in Barriocanal 2008; Colagiuri 1989; Maki 2008). One trial
included individuals with a mean baseline HbA1c > 9.5% (Nehrling
1985), whilst three trials included participants with a mean
baseline HbA1c between 7.7% and 9.5% (type 1 diabetes group in
Barriocanal 2008; Chantelau 1985; Cooper 1988).

Six trials reported BMI at baseline. Individuals with type 1 diabetes
in two studies, Barriocanal 2008; Chantelau 1985, and individuals
with type 2 diabetes in one study, Ensor 2015, had a normal BMI,
whilst other trials including those with type 2 diabetes reported a
baseline mean BMI of either 25 kg/m2 to 30 kg/m2, Barriocanal 2008;
Colagiuri 1989; Cooper 1988, or 30 kg/m2 to 35 kg/m2, Grotz 2003;
Maki 2008.

In two trials participants were reported to have comorbidities:
hypertension, Barriocanal 2008, or dyslipidaemia, Barriocanal
2008; Maki 2008, both of which were treated with medication.

Major exclusion criteria, mentioned in at least two trials, were
comorbidities such as cardiovascular diseases (Barriocanal 2008;
Maki 2008), renal failure (Barriocanal 2008; Cooper 1988; Ensor
2015; Maki 2008), or poorly controlled hypertension (Barriocanal
2008; Ensor 2015; Maki 2008); acute illness (Barriocanal 2008;
Cooper 1988); or pregnancy (Barriocanal 2008; Ensor 2015; Maki
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2008). In five trials no exclusion criteria were mentioned (Chantelau
1985; Colagiuri 1989; Grotz 2003; Nehrling 1985; Stern 1976).

Diagnosis

Only three publications described how diabetes was diagnosed
in the trial. In one trial diabetes diagnosis was defined based
on the classification of an international workgroup sponsored by
the National Diabetes Data Group of the US National Institutes
of Health (Colagiuri 1989), whilst in another trial diabetes was
established by a fasting plasma glucose > 140 mg/dL, an abnormal
oral glucose tolerance test as interpreted by the US Public Health
Service criteria, or an unequivocal history of diabetes (Nehrling
1985). In the third trial diagnosis of diabetes was established
"according to WHO criteria" (Ensor 2015).

Interventions

In five of the nine trials NNS were provided in capsule form
(Barriocanal 2008; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976). In two trials NNS were added to the usual diet (Colagiuri
1989; Cooper 1988), whilst in one trial participants were instructed
to consume either NNS or sucrose ad libitum, and the consumed
amounts were measured (Chantelau 1985).

Aspartame was administered in three trials (Colagiuri 1989;
Nehrling 1985; Stern 1976), in a daily dose ranging from 162 mg,
Colagiuri 1989, to 2.7 g, Nehrling 1985. Cyclamate was consumed
by participants one trial, ad libitum with a mean daily dose
of 348 mg (Chantelau 1985). Saccharin was consumed in one
trial, in combination with starch, at 30 g daily (Cooper 1988).
Stevia rebaudiana-based products were consumed in two trials,
in the form of 250 mg capsules, administered three times a day,
Barriocanal 2008, or four times a day, Maki 2008. Sucralose was the
dietary supplement used in two trials, administered in the form of
667 mg capsules, Grotz 2003, or 1500 mg dissolved in water, Ensor
2015.

Outcomes

Three trials specified primary outcomes (Ensor 2015; Grotz 2003;
Maki 2008), one of them in the full text of the publication, but not in
the abstract (Maki 2008), whilst another trial specified the primary
outcome only in the abstract of the publication (Grotz 2003). In the
third trial the primary outcome was specified in two trial registries,
the publication abstract, and the main text of the publication with
some discrepancies between information in the registries and the
full-text publication (adverse events were listed amongst primary
outcomes in the publication, but not in the registry entries) (Ensor
2015). Secondary outcomes were explicitly stated in one trial (Ensor
2015). For full details see Appendix 9.

All included trials reported at least one of the primary outcomes of
relevance for this review. Eight trials assessed HbA1c (Barriocanal
2008; Chantelau 1985; Colagiuri 1989; Cooper 1988; Ensor 2015;
Grotz 2003; Maki 2008; Nehrling 1985). Seven trials assessed
body weight (Barriocanal 2008; Chantelau 1985; Colagiuri 1989;
Cooper 1988; Ensor 2015; Maki 2008; Stern 1976). One trial did not
report data on body weight (Barriocanal 2008), whilst another trial
reported body weight data as change from baseline to the average
of values at weeks 12 and 16 (Maki 2008).

Adverse events were assessed in six trials (Barriocanal 2008; Ensor
2015; Grotz 2003; Maki 2008; Nehrling 1985; Stern 1976). In two of
these trials adverse events were not specified; the authors only
stated that "there were no significant diMerences between the
treatment groups in the type, number, or severity of adverse events
reported" (Grotz 2003), or that "subjects exhibited no symptoms
that could be attributed to the administration" of the NNS or
placebo (Stern 1976). Four trials reported data on adverse events
(Barriocanal 2008; Ensor 2015; Maki 2008; Nehrling 1985).

None of the included trials investigated all-cause mortality,
diabetes complications, health-related quality of life, or
socioeconomic eMects.

Excluded studies

We excluded 83 articles or records aVer full-text screening (Figure
1). Excluded references are listed in Characteristics of excluded
studies.

We excluded 27 records because they did not describe a
primary study (Anonymous 1979; Barbosa Martín 2014; Bastaki
2015; Beringer 1973; Bloomgarden 2011; Chantelau 1986; Corfe
1858; Dinkovski 2017; Gapparov 1996; Healy 2013; Heraud 1976;
Macdonald 1970; Mazovetskii 1976; Mehnert 1975; Mehnert 1979;
Purdy 1988; Saundby 1887; Skyler 1980; Sloane 1858; Stevens
2013; Stoye 2008; Tuttas 2012; Verspohl 2014; Watal 2014; Williams
1858; Williams 2014; Ylikahri 1980), and a further 11 records
due to inappropriate trial design (Farkas 1965; McCann 1956;
NCT02813759; Noren 2014; Parimalavalli 2011; Ritu 2016; Schatz
1977; Sharafetdinov 2002; Shigeta 1985; Williams 1857; Wills 1981).
We excluded 13 records because the duration of the intervention
was shorter than four weeks (ACTRN12618000862246; Baturina
2004; Deschamps 1971; Ferland 2007; Fukuda 2010; Maki 2009;
NCT01324921; NCT03680482; PACTR201410000894447; Prols 1973;
Pröls 1974; Rogers 1994; Vorster 1987); in four trials the intervention
was unclear (IRCT2015091513612N6; Madjd 2017; NCT02412774;
Odegaard 2017); whilst in another four trials the intervention was
not an NNS (Reyna 2003; Sadeghi 2019; Samanta 1985; Simeonov
2002). One trial described in a registry entry was never started
based on information from the authors (EUCTR2006-002395-18-
DK).

We excluded 23 records describing trials that did not include
participants of relevance for this review (Blackburn 1997; Ferri 2006;
Kanders 1988; Knopp 1976; Leon 1989; Maersk 2012; Masic 2017;
Morris 1993; NCT02252952; NCT02487537; Peters 2014; Peters 2016;
Piernas 2011; Piernas 2013; Reid 1994; Reid 1998; Reid 2010; Rodin
1990; Sørensen 2014; Taljaard 2013; Tsapok 2012; Vazquez Duran
2013; Zöllner 1971).

Risk of bias in included studies

For details on the risk of bias of included trials, see Characteristics
of included studies.

For an overview of review authors' judgements about each 'Risk of
bias' item for individual trials and across all trials, see Figure 2 and
Figure 3.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included trials (blank cells indicate that the particular outcome was not measured in some trials).
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included trial
(blank cells indicate that the particular outcome was not measured in some trials)
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Barriocanal 2008 ? ? + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + - ?
Chantelau 1985 + - + ?
Colagiuri 1989 ? ? ? ? ? ? ? ? ? ? ? ? ? + ?

Cooper 1988 ? ? + ?
Ensor 2015 ? ? - ?
Grotz 2003 ? ? + + + + + + + + + + + - ?
Maki 2008 ? ? + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ?

Nehrling 1985 + + + + + + + + + + + + + + + + + + + + + + + + + ?
Stern 1976 ? ? + + + + + + + + + + + + + + + + + + + + + + ? ?

 
Allocation

We judged only one trial as at low risk of selection bias regarding
the method of both randomisation and allocation concealment
(Nehrling 1985). For another trial we were able to retrieve
information on participant selection by contacting the authors;
based on this information we judged the method used for
generating random sequence to be at low risk of bias, whilst
allocation, which was done in an open manner, was judged as
at high risk of bias (Chantelau 1985). The remaining seven trials
reported only that participants were randomised without providing
any further description either on random sequence generation

or on allocation concealment (Barriocanal 2008; Colagiuri 1989;
Cooper 1988; Ensor 2015; Grotz 2003; Maki 2008; Stern 1976), and
were therefore judged as at unclear risk of bias for both domains.

Key prognostic variables (age, gender, BMI, ethnicity, comorbidities
including hypertension and cardiovascular disease) were balanced
between the intervention groups at baseline, but were not reported
in all trials (see Appendix 6; Appendix 7).
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Blinding

There was one open-label trial, which we judged as at high
risk of bias for blinding of participants and personnel for the
outcome measures body weight and glucose levels (Chantelau
1985). All of the other included trials explicitly reported blinding
of participants and personnel (Barriocanal 2008; Colagiuri 1989;
Cooper 1988; Ensor 2015; Grotz 2003; Maki 2008; Nehrling 1985;
Stern 1976), which was ensured by using placebo, Barriocanal
2008; Ensor 2015; Grotz 2003; Maki 2008; Nehrling 1985; Stern
1976, or by identical packing, Colagiuri 1989, and similar taste of
the intervention substance (Cooper 1988). Outcome assessment
was less well described across trials, with none of the nine trials
providing clear information on blinding of outcome assessors.

Measurements of HbA1c were investigator assessed in all trials
where this outcome was measured, and since HbA1c is an objective
laboratory measure, we judged performance bias as at low risk
even in the trial where participants and personnel were not blinded
(Chantelau 1985). For the same reason, we judged detection bias as
at low risk in all seven reporting trials.

Where measured, body weight was investigator assessed. Amongst
trials reporting body weight, we judged six trials with a double-
blind design as at low risk of performance bias (Barriocanal 2008;
Colagiuri 1989; Cooper 1988; Ensor 2015; Maki 2008; Stern 1976),
and one trial with a lack of blinding as at high risk of performance
bias (Chantelau 1985). As in general there was no information
on the blinding of outcome assessors, we judged trials reporting
body weight as at unclear risk of detection bias (Barriocanal
2008; Colagiuri 1989; Cooper 1988; Ensor 2015; Maki 2008; Stern
1976). We received additional information from the authors of one
study stating that body weight was measured independently by
personnel unrelated to the study, therefore we judged detection
bias for this study as at low risk (Chantelau 1985).

Adverse events were reported in four trials and were always self-
reported by participants. As participants were adequately blinded
in trials reporting adverse events, we judged both performance and
detection bias as at low risk in these trials (Barriocanal 2008; Grotz
2003; Nehrling 1985; Stern 1976).

Incomplete outcome data

Six trials reported the numbers of participants randomised to
each intervention/comparator group as well as those who finished
the trials (Chantelau 1985; Cooper 1988; Ensor 2015; Grotz
2003; Maki 2008; Nehrling 1985). The proportion of randomised
participants completing these trials per protocol varied from 41.3%,
in Ensor 2015, to 100%, in Chantelau 1985; Cooper 1988. The
remaining three trials did not report on the number of participants
randomised to each intervention/comparator group, only the total
number of participants randomised and the number of participants
finalising the study (Barriocanal 2008; Colagiuri 1989; Stern 1976).
One trial did not clearly report the number of participants analysed
(Stern 1976).

Three trials clearly reported the number of participant losses
(Grotz 2003; Maki 2008; Nehrling 1985). In one of the trials, the
study authors stated that discontinuations did not happen as a
consequence of an adverse event, but did not provide further
details (Grotz 2003). In one trial reasons for discontinuations
included: withdrawal of consent (one), protocol violation (one),
personal reasons (one), and adverse events (three) (Maki 2008). In

the third trial there was only one dropout, and the reason was an
adverse event (Nehrling 1985).

Eight trials reported data for HbA1c. In two trials HbA1c data were
reported for all randomised participants (Chantelau 1985; Cooper
1988), whilst in one trial imputed data were balanced in numbers
across groups (Maki 2008); we judged these trials reporting on
HbA1c to be at low risk of attrition bias. In one trial dropout
rates were reported for both groups without a detailed description
of reasons (Grotz 2003), whilst in another trial it was unclear
whether there were any dropouts (Colagiuri 1989). In a further trial,
HbA1c data were reported only for participants completing the trial
(Nehrling 1985). We judged these trials as at unclear risk of attrition
bias for the outcome HbA1c. In two trials with high dropout rates
reasons for attrition were not reported (Barriocanal 2008; Ensor
2015), therefore these trials were judged as at high risk of attrition
bias for the outcome HbA1c.

Seven trials collected data for body weight. Three trials reported
data on body weight for all randomised participants and were
judged to be at low risk of bias (Chantelau 1985; Cooper 1988; Maki
2008). We assessed two trials as at unclear risk of attrition bias
either because it was unclear whether there were any dropouts,
Colagiuri 1989, or because reasons for attrition were not reported
in a trial with low dropout rates, Stern 1976. In one trial with high
dropout rates, data on body weight and numbers of and reasons
for missing body weight data were not reported (Barriocanal 2008),
therefore we judged this trial as at high attrition bias for the
outcome body weight. One further trial with high dropout rates
mentioned that body weight of participants was measured, but
data for body weight (kg) were not provided (Ensor 2015).

Three trials reported adverse events in detail (Barriocanal 2008;
Maki 2008; Nehrling 1985). In one trial, adverse events were not
reported, but were described to be balanced across groups (Grotz
2003); we judged this trial as at low risk of attrition bias for this
outcome. In one study the numbers of and reasons for participant
losses due to adverse events were unclear (Stern 1976).

None of the trials performed an intention-to-treat analysis.

Selective reporting

We did not find published protocols for any of the included trials.
We judged five trials to be at low risk of reporting bias according
to the Outcome Reporting Bias In Trials (ORBIT) classification,
because it appeared that all expected outcomes had been reported
(Chantelau 1985; Colagiuri 1989; Cooper 1988; Maki 2008; Nehrling
1985). We judged four trials to be at high risk of reporting bias: in
one of these trials it was described in the methods that weight and
waist circumference were measured, but values were not reported
(Barriocanal 2008); in another trial body weight and BMI were
measured but data were not reported (Ensor 2015); in a further
trial the outcomes HbA1c, fasting glucose, and adverse events were
reported incompletely (Grotz 2003); and in the fourth trial body
weight and glucose levels were reported in a selective way (Stern
1976). For more details, see Appendix 9; Appendix 10.

Other potential sources of bias

As potential other sources of bias we evaluated the presence
of industry sponsorship (Lundh 2017), and for cross-over studies
whether the trial could be biased from carry-over eMects (Higgins
2019a). In one trial investigators declared that they had received
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products used for supplementation from industry (Barriocanal
2008); in four trials study authors provided a general statement
about industry funding (Ensor 2015; Grotz 2003; Maki 2008;
Nehrling 1985); and in one study it was unclear if industry funding
had been received (Stern 1976); we judged all of these studies to be
at unclear risk of bias. One trial had a cross-over design without a
washout period between the two intervention periods (Chantelau
1985), and two trials described both industry funding and cross-
over design without washout period (Colagiuri 1989; Cooper 1988);
we judged these trials to be at high risk of bias.

E<ects of interventions

See: Summary of findings 1 Non-nutritive sweeteners for diabetes
mellitus

For a summary of the evidence, see Summary of findings 1.

Baseline characteristics

For details of baseline characteristics, see Appendix 6; Appendix 7.

Any type of NNS, either alone or in combination with another
NNS, versus sugar (i.e. usual diet containing sugar or diet
containing sugar with additional sugar as supplement)

We identified three trials comparing the health eMects of a NNS with
sugar. In two trials NNS were added to the usual diet (Colagiuri
1989; Cooper 1988), whilst in the third study participants were
instructed to consume either NNS or sucrose ad libitum, and
the consumed amounts were measured (Chantelau 1985). NNS
used were aspartame (Colagiuri 1989), saccharin (Cooper 1988), or
sodium-cyclamate (Chantelau 1985). The duration of intervention
ranged from four weeks, Chantelau 1985, to six weeks, Colagiuri
1989; Cooper 1988.

Two of the trials involved participants with type 2 diabetes
(Colagiuri 1989; Cooper 1988), whilst one trial involved participants
with type 1 diabetes (Chantelau 1985).

All three trials had a cross-over design and were reporting data
for the first and second periods together. None of the three trials
described a washout period.

Primary outcomes

HbA1c

Three trials compared the eMects of NNS as compared to sugar
on HbA1c, including overall 72 participants (random-eMects mean
diMerence (MD) 0.4%, 95% confidence interval (CI) −0.5 to 1.2; fixed-
eMect MD 0.4%, 95% CI 0.1 to 0.7; P = 0.44; 3 trials; 72 participants;
very low-certainty evidence; Analysis 1.1). There was considerable
heterogeneity (I2 = 86%), likely caused by the combination of cross-
over study design, low number of participants, short intervention
period, and no washout period between interventions. The 95%
prediction interval did not provide a meaningful estimate.

Due to the short, Chantelau 1985, or missing, Colagiuri 1989;
Cooper 1988, run-in periods and short intervention duration lasting
only four, Chantelau 1985, to six weeks, Colagiuri 1989; Cooper
1988, carry-over eMects and eMects of the consumption before the
study start might have had a considerable impact on results.

Body weight (kg)

Three trials reported weight change (MD −0.1 kg, 95% CI −2.7 to
2.6; P = 0.96; 3 trials; 72 participants; very low-certainty evidence;
Analysis 1.2).

Adverse events

None of the trials reported on non-serious or serious adverse
events.

Secondary outcomes

Diabetes complications

None of the trials reported on diabetes complications.

All-cause mortality

None of the trials reported on all-cause mortality.

Health-related quality of life

None of the trials reported on health-related quality of life.

Anthropometric measures other than body weight (kg)

None of the trials reported on anthropometric measures other than
body weight.

Lipid profile

Three trials reported total cholesterol (MD −0.8 mg/dL, 95% CI −11.1
to 9.6; P = 0.88; 3 trials; 72 participants; Analysis 1.3). Three trials
reported HDL cholesterol (MD −1.1 mg/dL, 95% CI −5.6 to 3.4; P
= 0.64; 3 trials; 72 participants; Analysis 1.4). One trial reported
LDL cholesterol (MD 1.2 mg/dL, 95% CI −15.6 to 18; 1 trial; 34
participants; Analysis 1.5). Three trials reported triglycerides (MD
−1.5 mg/dL, 95% CI −15 to 11.9; P = 0.82; 3 trials; 72 participants;
Analysis 1.6).

Glucose levels (fasting and postprandial)

Two trials reported fasting blood glucose levels (MD −5.0 mg/dL,
95% CI −28.3 to 18.3; P = 0.67; 2 trials; 52 participants; Analysis 1.7).
One trial reported postprandial blood glucose levels (MD 11.9 mg/
dL, 95% CI −20.7 to 44.5; 1 trial; 20 participants; Analysis 1.8).

Serum insulin

One trial reported serum insulin levels (MD 0.8 microunits/mL, 95%
CI −2.8 to 4.4; 1 trial; 34 participants; Analysis 1.9).

Insulin sensitivity

None of the trials reported on insulin sensitivity.

Socioeconomic e<ects

None of the trials reported on socioeconomic eMects.

Any type of NNS, either alone or in combination with another
NNS, versus no intervention

We identified no trials comparing NNS with no intervention.

Any type of NNS, either alone or in combination with another
NNS, versus placebo

We identified five trials comparing the health eMects of an NNS with
placebo. In all of these trials both NNS and placebo were added
as a dietary supplement (in the form of capsules) to the usual
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diet. Two trials added Stevia rebaudiana-based products, one in
the form of steviol glycoside capsules (250 mg three times a day
for 3 months) (Barriocanal 2008), and the other as rebaudioside A
(250 mg capsules four times a day for 16 weeks) (Maki 2008). The
capsules diMered slightly in the purity of stevia content (92% purity
in the first study and 97% in the second study). One study compared
the eMects of sucralose (667 mg daily in capsules for 13 weeks) with
placebo (Grotz 2003), whilst two trials investigated aspartame as
the intervention (Nehrling 1985; Stern 1976), with an intervention
duration of 18 and 13 weeks and a daily dose of 2.7 g and 1.8 g,
respectively.

For this comparison, three trials evaluated participants with
type 2 diabetes (Grotz 2003; Maki 2008; Stern 1976), one study

both participants with type 1 and type 2 diabetes (Nehrling
1985); and one study both participants with type 1 and type 2
diabetes, however these were analysed as separate study groups
(Barriocanal 2008).

Primary outcomes

HbA1c

Of the four trials comparing NNS with placebo, two trials provided
data as final value scores and two as change-from-baseline scores.
NNS had no substantial eMect on HbA1c (MD 0%, 95% CI −0.1 to
0.1; P = 0.99; 4 trials; 360 participants; very low-certainty evidence;
Analysis 2.1; Figure 4). The 95% prediction interval ranged between
−0.3% and 0.3%.

 

Figure 4.   Forest plot of comparison: 2 NNS versus placebo, outcome: 2.1 HbA1c (%).
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Body weight (kg)

Two trials reported data on body weight: one of them reported data
as change from baseline to the average of values at weeks 12 and
16, with baseline defined as the average of values at weeks −2 and 0

(Maki 2008), whilst the other reported mean (standard error) values
for baseline and week 13 (Stern 1976). Comparing NNS with placebo
showed an MD in body weight of −0.2 kg, 95% CI −1 to 0.6; P = 0.64;
2 trials; 184 participants; Analysis 2.2; Figure 5.
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Figure 5.   Forest plot of comparison: 2 NNS versus placebo, outcome: 2.2 Body weight (kg).
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Adverse events

Three trials reported the numbers of participants experiencing
at least one non-serious adverse event, with a total of 36/113
participants (31.9%) in the NNS group versus 42/118 participants

(35.6%) in the placebo group having a non-serious adverse event
(risk ratio (RR) 0.78, 95% CI 0.39 to 1.56; P = 0.48; 3 trials; 231
participants; very low-certainty evidence; Analysis 2.3; Figure 6).
The 95% prediction interval did not provide a meaningful estimate.

 

Figure 6.   Forest plot of comparison: 2 NNS versus placebo, outcome: 2.3 Adverse events (n/N).
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Two further trials only narratively reported on adverse events. One
of these trials provided the incidence of experienced symptoms,
reporting that "mild gastrointestinal complaints were the most
common discomforts observed" (Stern 1976). The other trial only
mentioned that "there were no significant diMerences between the
treatment groups in type, number, or severity of adverse events
reported" (Grotz 2003).

Two trials reported on serious adverse events (Appendix 12): no
serious adverse events occurred in one study (Barriocanal 2008),
and 4/60 and 3/62 serious adverse events occurred in the NNS and
placebo groups, respectively, in the other trial (Maki 2008).

Secondary outcomes

Diabetes complications

None of the trials reported on diabetes complications.

All-cause mortality

None of the trials reported on all-cause mortality.

Health-related quality of life

None of the trials reported on health-related quality of life.

Anthropometric measures other than body weight (kg)

Barriocanal 2008 reported on BMI (MD −0.4 kg/m2, 95% CI −3 to 2.2;
P = 0.76; 1 trial; 46 participants; Analysis 2.4).

Lipid profile

Three trials reported total cholesterol, two of them with final value
scores and one as change-from-baseline scores (MD 2 mg/dL, 95%
CI −4.8 to 8.8; P = 0.57; 3 trials; 228 participants; Analysis 2.5).
Two trials reported HDL cholesterol, one of them providing data
as final value scores and one as change-from-baseline scores (MD
−0.4 mg/dL, 95% CI −2.2 to 1.4; P = 0.67; 2 trials; 168 participants;
Analysis 2.6). Two trials reported LDL cholesterol, one of them
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with providing data as final value scores and one as change-from-
baseline scores (3.1 mg/dL, 95% CI −2.9 to 9.1; P = 0.31; 2 trials; 168
participants; Analysis 2.7). Two trials reported triglycerides, both of
them providing data as final value scores (MD 18.5 mg/dL, 95% CI
−6.8 to 43.7; P = 0.15; 2 trials; 106 participants; Analysis 2.8).

Glucose levels (fasting and postprandial)

Five trials reported fasting blood glucose levels, four of them
providing data as final value scores and one as change-from-
baseline scores (MD 2.2 mg/dL, 95% CI −11.6 to 16.1; P =
0.75; 5 trials; 384 participants; Analysis 2.9). One trial reported
postprandial blood glucose levels (MD −1.1 mg/dL, 95% CI −55.1 to
53.1; P = 0.97; 1 trial; 62 participants; Analysis 2.10).

Serum insulin

Two trials reported serum insulin levels, one reporting data as
final value scores and one as change-from-baseline scores (MD −2.5
microunits/mL, 95% CI −5.4 to 0.4; 2 trials; 152 participants; Analysis
2.11).

Insulin sensitivity

None of the trials reported on insulin sensitivity.

Socioeconomic e<ects

None of the trials reported on socioeconomic eMects.

Any type of NNS, either alone or in combination with another
NNS, versus water

We identified no trials comparing NNS with water.

Any type of NNS, either alone or in combination with another
NNS, versus NNS of a di<erent dose

We identified no trials comparing NNS with a diMerent dose of NNS.

Any type of NNS, either alone or in combination with another
NNS, versus a nutritive (low-calorie) sweetener

One trial compared the eMects of NNS alone (sucralose 1.5 g, three
times a day, dissolved in 125 mL to 250 mL of water) with a nutritive,
low-calorie sweetener (tagatose 15 g, three times a day, dissolved
in 125 mL to 250 mL of water) (Ensor 2015), with an intervention
duration of 10 months. The trial included participants with type 2
diabetes.

Primary outcomes

HbA1c

One trial reported HbA1c (MD 0.3%, 95% CI 0.1 to 0.4; P = 0.01; 1 trial;
354 participants; very low-certainty evidence; Analysis 3.1 in favour
of the nutritive (low-calorie) sweetener).

Body weight (kg)

One trial measured body weight, but data were not reported. It was
only stated that "there was no observed eMect of D-tagatose on
changes on body weight" compared to the NNS group.

Adverse events

The trial stated that adverse events were assessed, but the number
of participants and types of adverse events were not reported.

Secondary outcomes

Diabetes complications

One trial did not report data on diabetes complications.

All-cause mortality

One trial did not report data on all-cause mortality.

Health-related quality of life

One trial did not report data on health-related quality of life.

Anthropometric measures other than body weight (kg)

One trial assessed BMI narratively, stating that there were no
significant diMerences between the sucralose and the tagatose
groups.

Lipid profile

Ensor 2015 reported on total cholesterol (MD 1 mg/dL, 95% CI
−5.1 to 7.1; P = 0.75; 1 trial; 354 participants; Analysis 3.2); HDL
cholesterol (MD 1.3 mg/dL, 95% CI −0.3 to 2.8; P = 0.11; 1 trial;
354 participants; Analysis 3.3); LDL cholesterol (MD 3 mg/dL, 95%
CI −2.5 to 8.5; P = 0.29; 1 trial; 354 participants; Analysis 3.4); and
triglycerides (MD −22 mg/dL, 95% CI −44.9 to 0.9; P = 0.06; 1 trial;
354 participants; Analysis 3.5).

Glucose levels (fasting and postprandial)

One trial reported fasting blood glucose levels (MD 6.50 mg/dL, 95%
CI −0.79 to 13.79; P = 0.08; 1 trial; 354 participants; Analysis 3.6).

Serum insulin

One trial reported serum insulin concentrations narratively, stating
that "there was no detectable consistent change in serum insulin
concentrations (Ensor 2015)".

Insulin sensitivity

One trial did not report data on insulin sensitivity.

Socioeconomic e<ects

One trial did not report data on socioeconomic eMects.

Any type of NNS, either alone or in combination with another
NNS, plus a behaviour-changing intervention such as diet,
exercise, or both versus any of the comparators (usual diet,
no intervention, placebo, water, a di<erent NNS, NNS of a
di<erent dose, another type of sweetener)

We identified no trials comparing NNS combined with a behaviour-
changing intervention versus a comparator of interest.

Subgroup analyses

We did not perform subgroup analyses because there were not
enough trials to estimate eMects in various subgroups.

Sensitivity analyses

We could not perform a sensitivity analysis for published trials
versus unpublished trials because all available data originated
from published trials. Sensitivity analyses for risk of bias were not
meaningful because of the low number of studies investigating
the same comparisons and outcomes and due to the diversity
in follow-up periods. We could not perform sensitivity analysis
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excluding large trials because none of the included trials had
more than 1000 participants randomised to each intervention
group. There were also no long-term trials with a follow-up period
of six months or more, therefore a sensitivity analysis for long-
term trials was not possible. Diagnostic criteria were described
in only three trials (Colagiuri 1989; Ensor 2015; Nehrling 1985),
which had diMerent comparison groups, therefore a sensitivity
analysis for diagnostic criteria was not feasible. All included
trials were published in English, and there were only two trials
either declaring no commercial funding, Stern 1976, or providing
no statement about funding in the manuscript, Chantelau 1985,
therefore sensitivity analyses according to language of publication
or excluding trials funded by a pharmaceutical company were not
meaningful.

It was not feasible to combine results from cross-over trials and
trials with parallel design, as cross-over trials were available
only for the comparison NNS versus sugar, and trials with a
parallel design were only available for the comparisons NNS
versus placebo and NNS versus another type of sweetener.
We performed sensitivity analyses to investigate the impact of
assumed correlation coeMicients for the imputation of the standard
deviation of diMerence in cross-over trials with mean diMerence as
the measure of treatment eMect (Analysis 4.1; Analysis 4.2; Analysis
4.3; Analysis 4.4; Analysis 4.5; Analysis 4.6; Analysis 4.7; Analysis
4.8; Analysis 4.9), and concluded that the assumed correlation
coeMicient has no relevant eMect on the overall eMect estimate.

Assessment of reporting bias

We did not use funnel plots due to the limited number of trials (N = 3
for the comparison NNS versus sugar, N = 5 for the comparison NNS
versus placebo, and only one trial for the comparison NNS versus
another type of sweetener).

D I S C U S S I O N

Summary of main results

This Cochrane Review investigated the health eMects of NNS
compared with any other type of dietary intervention in people with
type 1 or type 2 diabetes. We included nine trials with a total of
979 randomised participants. We judged all trials to have unclear
or high risk of bias in one or more ’Risk of bias’ domains. We found
no evidence of benefit or harm on patient-important outcomes.
Evidence on the use of NNS showed neither clear benefit nor harm
for HbA1c, body weight, and adverse events for the comparisons
NNS versus sugar and NNS versus placebo (very low-certainty
evidence). For the comparison NNS versus a nutritive, low-calorie
sweetener (tagatose), there was a small benefit for HbA1c in favour
of the nutritive, low-calorie sweetener, based on very low-certainty
evidence and which we judged as clinically irrelevant.

Overall completeness and applicability of evidence

The evidence for health benefits or harms related to NNS
consumption in diabetes mellitus as compared to a diet without
NNS, a diet containing sugar, or a diet containing a nutritive, low-
calorie sweetener, is incomplete. We included nine completed trials
involving adult participants with either type 1 or type 2 diabetes.

For the comparison NNS versus sugar, there were only three
small cross-over trials available, which contributed data for meta-
analyses for HbA1c (three trials), body weight (three trials), total

cholesterol (three trials), HDL cholesterol (three trials), triglycerides
(three trials), and fasting blood glucose levels (two trials). For
the outcomes LDL cholesterol, postprandial blood glucose levels,
and serum insulin, data were available from only one trial.
Consequently, there remains a paucity of evidence regarding the
eMects of these interventions in diabetes on medium- or longer-
term health.

For the comparison NNS versus placebo, five trials were available,
all with a parallel study design. Three of these trials were
small, with fewer than 100 participants, whilst the other two
trials included between 100 and 200 participants. These trials
contributed data for meta-analyses for HbA1c (four trials), body
weight (two trials), total cholesterol (three trials), HDL cholesterol
(two trials), LDL cholesterol (two trials), triglycerides (two trials),
fasting blood glucose levels (five trials), serum insulin levels (two
trials), and adverse events (three trials). For the outcomes BMI and
postprandial blood glucose levels, data were available from only
one trial.

For the comparison NNS versus a nutritive sweetener, only one trial
was available, which provided data on the outcomes HbA1c, lipid
profile, and fasting glucose.

There were no data from included trials with regard to health-
related quality of life, diabetes complications, all-cause mortality,
or socioeconomic eMects.

Our ability to draw firm conclusions was further limited by notable
variations in the characteristics of the interventions assessed (i.e.
the diMerent types of NNS used in diMerent trials) and participants
included in the trials (i.e. participants with type 1 or type 2
diabetes, with or without diMerent comorbidities). Whilst we chose
to combine trials with type 1 and type 2 diabetes participants in one
comparison, and attempted to explore variation through subgroup
analyses, our ability to do this was limited because of the low
number of trials in total. Furthermore, the types of NNS used in
the included trials varied widely amongst trials, but due to the
low number of included trials we were also not able to conduct a
subgroup analysis by type of NNS.

With regard to applicability, eight of the nine included trials
were conducted in upper-middle- or high-income countries. This
likely limits the generalisability of the findings to other countries,
particularly low-resource settings. Furthermore, in most of the
included trials diagnostic criteria for diabetes were not specified,
which may limit the interpretation of data.

Quality of the evidence

For all outcomes evaluated using GRADE, we judged the evidence
to be of very low-certainty for all three comparisons (NNS versus
sugar, placebo, or a nutritive, low-calorie sweetener). The evidence
was downgraded primarily due to design limitations (risk of bias)
and imprecision (small sample sizes and low number of included
studies).

Potential biases in the review process

The search for trials in this area was performed using a broad
search strategy, by searching in both electronic databases and
trials registries, without applying restrictions, such as based on
language. It is unlikely that trials that have been conducted
and published have been missed; however, unpublished trials, or
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ongoing trials not registered in clinical trials registries could be
missing. Should such trials be identified, we will include them in
future updates of the review.

We aimed to reduce bias wherever possible by having at least
two review authors work independently on trial selection, data
extraction, and 'Risk of bias' and GRADE assessments.

We were not able to explore the potential for publication bias using
funnel plots, since there were no outcomes of interest with 10 or
more trials included in meta-analyses.

Agreements and disagreements with other studies or
reviews

In our search for additional trials we checked other systematic
reviews and meta-analyses. Most of these assessed the use of
NNS compared to another dietary intervention in healthy or
general populations (Azad 2017; Toews 2019), whilst the number
of systematic reviews including participants with diabetes was
limited.

One systematic review collecting evidence on the health eMects
of NNS in diabetes included not only medium- and long-term
outcomes, but also short-term trials with an intervention duration
of four weeks or less (Timpe Behnen 2013). AVer narratively
summarising their findings, the authors of this systematic review
concluded that "nonnutritive sweeteners do not appear to aMect
glycemic control in patients with diabetes". It should be noted that
this systematic review included only studies published in English
and considered only NNS available in the USA. To our knowledge,
our review is the first systematic review attempting to address
patient-important outcomes, such as health-related quality of life
or socioeconomic eMects.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There is no firm evidence as to whether non-nutritive sweeteners
compared with any other type of dietary intervention (including
sugar, placebo, or nutritive, low-calorie sweeteners) have
substantial eMects on health outcomes. Data on patient-important
outcomes such as adverse events, diabetes complications, health-
related quality of life, and socioeconomic eMects are scarce or
lacking.

Implications for research

It remains to be determined whether there are any substantial
beneficial or harmful eMects of consuming non-nutritive
sweeteners in people with type 1 or type 2 diabetes mellitus.
There is a need for further long-term randomised controlled trials
conducted with rigorous methodology, with large sample size that
are investigating patient-relevant endpoints (especially adverse
events, diabetes complications, health-related quality of life, and
socioeconomic eMects).
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria

For group 1:

• type 1 diabetes mellitus

• male and female

• 20 to 60 years old

• diabetes duration of more than 5 years

• normotensive or hypertensive under treatment

• HbA1c of less than 10%

• BMI between 20 and 35 kg/m2

• without established renal disease

For group 2:

• type 2 diabetes mellitus

• male and female

• 40 to 70 years old

• diabetes onset at age greater than 30 years

• diabetes duration of more than 1 year and less than 10 years

• treated with diet and/or oral antidiabetic agents

• normotensive or hypertensive under treatment

• HbA1c of less than 10%

• BMI between 25 and 35 kg/m2

• without established renal disease

For group 3:

• healthy participants

• male and female

• 20 to 60 years old

• with normal or low-normal BP (≤ 120/80 mmHg) in at least 2 measurements taken in different days

• BMI between 20 and 35 kg/m2

Exclusion criteria

• enrolment in a clinical trial of drugs within the last 3 months

• significant cardiovascular, psychological, neurological, renal, or endocrine disease (apart from dia-
betes)

• alcohol or drug abuse or acute illness

• fasting glucose levels of less than 70 mg/dL or more than 200 mg/dL

• BP ≥ 170/110 mmHg on the day of the experiment

• HbA1c ≥ 10%

• pregnancy

• treatment with glucocorticoids and treatment with insulin (except for Group 1)

Diagnostic criteria: —

Barriocanal 2008 
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Setting: outpatients

Age group: adults and elderly people

Sex: females and males

Country where trial was performed: Paraguay

Interventions Intervention(s): steviol glycoside capsules (250 mg 3 times a day; purity of steviol glycosides was 92%)

Comparator(s): matching placebo

Duration of intervention: 3 months

Duration of follow-up: 3 months

Run-in period: none

Number of study centres: not reported (presumably 1)

Outcomes Reported outcomes in full text of publication: HbA1c, body weight (kg), adverse events, anthropo-
metric measures other than body weight (kg), lipid profile (total-C, HDL, LDL, TG), glucose levels (fast-
ing), serum insulin

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: Steviafarma Industrial S.A., Maringa, Brazil and non-commercial fund-
ing: Ministry of Agriculture of Paraguay and the Banco Interamericano de Desarrollo (Interamerican De-
velopment Bank)

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "The aim of this study was to investigate the effect of steviol glycosides con-
sumption in humans (both diabetics - Type 1 and Type 2 - and non-diabetics with normal/low-normal
blood pressure) in order to comply with the first part (the pharmacological effects of steviol glycosides
in humans) of the Annex 2 of the 63rd meeting of the Joint FAO/WHO Expert Committee on Food Addi-
tives (JECFA)"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Volunteers were randomly assigned to receive ei-
ther steviol glycoside capsules 250 mg t.d.i. or matching placebo"

Comment: no information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Volunteers were randomly assigned to receive ei-
ther steviol glycoside capsules 250 mg t.d.i. or matching placebo"

Comment: no information about allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Quote from publication: "matching placebo" was used

Comment: self-reported outcome
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adverse events

Blinding of participants
and personnel (perfor-
mance bias)
anthropometric measures
other than body weight

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
insulin sensitivity/serum
insulin

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "matching placebo" was used

Comment: investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Comment: participants (i.e. outcome assessors) were blinded; self-reported
outcome

Blinding of outcome as-
sessment (detection bias)
anthropometric measures
other than body weight

Unclear risk Comment: no information about the blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: no information about the blinding of outcome assessors

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: no information about the blinding of outcome assessors; the out-
come measurement is unlikely to have been influenced by potential lack of
blinding

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: no information about the blinding of outcome assessors; the out-
come measurement is unlikely to have been influenced by potential lack of
blinding

Blinding of outcome as-
sessment (detection bias)
insulin sensitivity/serum
insulin

Low risk Comment: no information about the blinding of outcome assessors; the out-
come measurement is unlikely to have been influenced by potential lack of
blinding

Barriocanal 2008  (Continued)

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

36



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: no information about the blinding of outcome assessors; the out-
come measurement is unlikely to have been influenced by potential lack of
blinding

Incomplete outcome data
(attrition bias)
adverse events

Low risk Quote from publication: "No drop-outs were due to side effects"

Comment: no missing data for adverse events

Incomplete outcome data
(attrition bias)
anthropometric measures
other than body weight

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
body weight

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
glucose levels

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
HbA1c

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
insulin sensitivity/serum
insulin

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
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in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Incomplete outcome data
(attrition bias)
lipid profile

High risk Quote from publication: "Eighty-six volunteers (45 women, 41 men) were
enrolled in the study and 76 completed it." "The study group consisted of 76
subjects (30 with Type 2 diabetes, 16 with Type 1 diabetes and 30 without dia-
betes" (Group 1: type 1 diabetes, Group 2: type 2 diabetes). "Ten volunteers (4
in Group 1, 3 in Group 2 and 3 in Group 3) decided to discontinue the study for
no specific reason, but no due to side effects"

Comment: in total 20 participants with type 1 diabetes were randomised
and 16 were analysed; in total 33 participants with type 2 diabetes were ran-
domised and 30 analysed; reasons for attrition and balance of missing data
across groups were not reported

Selective reporting (re-
porting bias)

High risk Comment: described in the methods that weight and waist circumference
were measured, but values were not reported

Other bias Unclear risk Comment: steviol glycoside capsules were supplied by the industry

Barriocanal 2008  (Continued)

 
 

Study characteristics

Methods Study design: cross-over randomised controlled trial

Participants Inclusion criteria:

• type 1 diabetes mellitus

• C-peptide negative (postabsorptive C-peptide levels < 0.2 ng/mL)

• normal body weight (BMI < 25 kg/m2)

• on continuous subcutaneous insulin infusion therapy and "liberalized diet" for more than 1 year

• well-controlled at the beginning of the study

Exclusion criteria: —

Diagnostic criteria: —

Setting: outpatients

Age group: adults

Sex: females and males

Country where trial was performed: Germany

Interventions Intervention(s): sodium-cyclamate 348 ± 270 mg/day

Comparator(s): sucrose 24 ± 13 g/day

Duration of intervention: 4 weeks

Duration of follow-up: 4 weeks

Chantelau 1985 
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Run-in period: 4 weeks

Number of study centres: 1

Outcomes Reported outcomes in full text of publication: HbA1c, body weight, lipid profile (total-C, HDL, TG),
glucose levels (postprandial)

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: —

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "we have studied the metabolic effects of sucrose included in the diet of Type
1 diabetic outpatients treated with continuous subcutaneous insulin infusion"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from publication: "patients were assigned to use either sucrose or
sodium-cyclamate as sweetener in random order"

Comment: based on information from the authors random sequence was gen-
erated by tossing a coin

Allocation concealment
(selection bias)

High risk Quote from publication: "They were then asked to change over to sodium-cy-
clamate or sucrose, respectively, for another 4-week period."

Comment: based on information from the authors allocation to treatment
groups was done "openly"

Blinding of participants
and personnel (perfor-
mance bias)
body weight

High risk Quote from publication: "During the sucrose-period, sucrose and su-
crose-sweetened foods were allowed ad libidum." "During the cyclamate peri-
od, sodium cyclamate was allowed ad libidum within the limitations set up by
the World Health Organisation."

Comment: participants were not blinded; investigator-assessed outcome
measure

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

High risk Quote from publication: "During the sucrose-period, sucrose and su-
crose-sweetened foods were allowed ad libidum." "During the cyclamate peri-
od, sodium cyclamate was allowed ad libidum within the limitations set up by
the World Health Organisation."

Comment: participants were not blinded; postprandial plasma glucose; inves-
tigator-assessed outcome measure

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "During the sucrose-period, sucrose and su-
crose-sweetened foods were allowed ad libidum." "During the cyclamate peri-
od, sodium cyclamate was allowed ad libidum within the limitations set up by
the World Health Organisation."

Chantelau 1985  (Continued)
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Comment: participants were not blinded; investigator-assessed outcome
measure; outcome unlikely to have been influenced by lack of blinding

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "During the sucrose-period, sucrose and su-
crose-sweetened foods were allowed ad libidum." "During the cyclamate peri-
od, sodium cyclamate was allowed ad libidum within the limitations set up by
the World Health Organisation."

Comment: participants were not blinded; total cholesterol, HDL-cholesterol,
triglycerides were assessed by the investigators; outcome unlikely to have
been influenced by lack of blinding

Blinding of outcome as-
sessment (detection bias)
body weight

Low risk Comment: the publication does not address blinding of outcome assessors;
based on information from the authors, body weight was measured indepen-
dently by personnel unrelated to the study; exact equipment used for mea-
surement; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Incomplete outcome data
(attrition bias)
anthropometric measures
other than body weight

Low risk Quote from publication: "Ten Type 1 diabetic subjects, eight women and two
men (...) volunteered to participate in the study"

Comment: data available for all included participants

Incomplete outcome data
(attrition bias)
glucose levels

Low risk Quote from publication: "Ten Type 1 diabetic subjects, eight women and two
men (...) volunteered to participate in the study"

Comment: data available for all included participants

Incomplete outcome data
(attrition bias)
HbA1c

Low risk Quote from publication: "Ten Type 1 diabetic subjects, eight women and two
men (...) volunteered to participate in the study"

Comment: data available for all included participants

Incomplete outcome data
(attrition bias)
lipid profile

Low risk Quote from publication: "Ten Type 1 diabetic subjects, eight women and two
men (...) volunteered to participate in the study"

Comment: data available for all included participants

Selective reporting (re-
porting bias)

Low risk Comment: low risk of bias according to ORBIT

Other bias Unclear risk Comment: cross-over design without washout period between interventions

Chantelau 1985  (Continued)
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Methods Study design: cross-over randomised controlled trial

Participants Inclusion criteria:

• well-controlled type 2 diabetes mellitus

• compliant with prescribed diet (a typical diet consumed by Australians with diabetes; no added su-
crose used)

• compliant with the general requirements of diabetes management

Exclusion criteria: —

Diagnostic criteria: criteria for type 2 diabetes mellitus: based on the National Diabetes Data Group.
Classification and diagnosis of diabetes mellitus and other categories of glucose intolerance

Setting: outpatients

Age group: adults and elderly people (median: 66 ± 5 years)

Sex: females and males

Country where trial was performed: Australia

Interventions Intervention(s): aspartame 162 mg daily, added to the usual diet

Comparator(s): sucrose 45 g daily, added to the usual diet

Duration of intervention: 6 weeks

Duration of follow-up: 6 weeks for both interventions

Run-in period: not reported

Number of study centres: 1

Outcomes Reported outcomes in full text of publication: HbA1c, body weight (kg), lipid profile (total-C, HDL,
TG), glucose levels (fasting)

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding; aspartame (Equal) was supplied by Searle Laboratories, Division of
Searle Australia Propriety Limited, Crows Nest, New South Wales, Australia

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "The aim of this study was to compare the metabolic effects of the daily ad-
dition of sucrose or an equivalent sweetening amount of aspartame to the usual diet of subjects with
well-controlled NIDDM. The purpose was twofold: to further examine the issue of a possible deleterious
effect of sucrose in the diabetic diet and to ascertain whether an alternative sweetener has any particu-
lar advantage"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Subjects were randomly allocated to one of two
groups"

Colagiuri 1989  (Continued)
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Comment: unclear how sequence was determined

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Subjects were randomly allocated to one of two
groups"

Comment: insufficient information to judge allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "The sucrose and aspartame were packed in plain
sachets labelled A or B according to a code. Each sachet contained 5 g sucrose
or 18 mg aspartame (...) bulked to 0.5 g with lactose."

Comment: appropriate packing of sweeteners to ensure blinding; investiga-
tor-assessed outcome measure

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "The sucrose and aspartame were packed in plain
sachets labelled A or B according to a code. Each sachet contained 5 g sucrose
or 18 mg aspartame (...) bulked to 0.5 g with lactose."

Comment: appropriate packing of sweeteners to ensure blinding; fasting glu-
cose; investigator-assessed

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "The sucrose and aspartame were packed in plain
sachets labelled A or B according to a code. Each sachet contained 5 g sucrose
or 18 mg aspartame (...) bulked to 0.5 g with lactose."

Comment: appropriate packing of sweeteners to ensure blinding; investiga-
tor-assessed outcome measure

Blinding of participants
and personnel (perfor-
mance bias)
insulin sensitivity/serum
insulin

Low risk Quote from publication: "The sucrose and aspartame were packed in plain
sachets labelled A or B according to a code. Each sachet contained 5 g sucrose
or 18 mg aspartame (...) bulked to 0.5 g with lactose."

Comment: appropriate packing of sweeteners to ensure blinding; investiga-
tor-assessed outcome measure

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "The sucrose and aspartame were packed in plain
sachets labelled A or B according to a code. Each sachet contained 5 g sucrose
or 18 mg aspartame (...) bulked to 0.5 g with lactose."

Comment: appropriate packing of sweeteners to ensure blinding; investiga-
tor-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: no information about the blinding of outcome assessors; investiga-
tor-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)
insulin sensitivity/serum
insulin

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Blinding of outcome as-
sessment (detection bias)

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome measure

Colagiuri 1989  (Continued)
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lipid profile

Incomplete outcome data
(attrition bias)
body weight

Unclear risk Quote from publication: "Nine subjects (eight males, one female) who satis-
fied the criteria for NIDDM were studied."

Comment: the number of participants randomised is not clearly described

Incomplete outcome data
(attrition bias)
glucose levels

Unclear risk Quote from publication: "Nine subjects (eight males, one female) who satis-
fied the criteria for NIDDM were studied."

Comment: the number of participants randomised is not clearly described

Incomplete outcome data
(attrition bias)
HbA1c

Unclear risk Quote from publication: "Nine subjects (eight males, one female) who satis-
fied the criteria for NIDDM were studied."

Comment: the number of participants randomised is not clearly described

Incomplete outcome data
(attrition bias)
lipid profile

Unclear risk Quote from publication: "Nine subjects (eight males, one female) who satis-
fied the criteria for NIDDM were studied."

Comment: the number of participants randomised is not clearly described

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol is unavailable, but it seems that the published
report includes all expected outcomes (ORBIT classification)

Other bias Unclear risk Comment: cross-over design without washout period; aspartame was sup-
plied by the industry

Colagiuri 1989  (Continued)
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Methods Study design: cross-over randomised controlled trial

Participants Inclusion criteria: type 2 diabetes mellitus outpatients

Exclusion criteria:

• renal failure

• with any acute illness for more that 1 week during the study or during the last week of each dietary
period

Diagnostic criteria: —

Setting: outpatients

Age group: adults and elderly people

Sex: females and males

Country where trial was performed: Australia

Interventions Intervention(s): saccharin and starch 30 g daily

Comparator(s): sucrose 28 g daily

Duration of intervention: 6 weeks

Duration of follow-up: 6 weeks each dietary sequence

Cooper 1988 
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Run-in period: none

Number of study centres: 1

Outcomes Reported outcomes in full text of publication: HbA1c, body weight (kg), lipid profile (total-C, HDL,
LDL, TG), glucose levels (fasting), serum insulin

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: grant from the Australian Sugar Industry in co-operation with CSR and
Millaquin Sugar

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "The aim of this study was to compare both the short- and medium-term
metabolic effects of sucrose supplementation with those of saccharin and starch supplementation in
non-insulin-dependent diabetic outpatients"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"

Comment: insufficient information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence"

Comment: insufficient information about the allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "The usual diet of each patient was supplemented
daily with either 28 g sucrose (sucrose diet) or saccharin and starch (saccharin
diet). The saccharin and starch supplements were equivalent to about 28 g su-
crose in sweetness and energy, respectively."

Comment: placebos were described to be similar in taste (sweetness); investi-
gator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "The usual diet of each patient was supplemented
daily with either 28 g sucrose (sucrose diet) or saccharin and starch (saccharin
diet). The saccharin and starch supplements were equivalent to about 28 g su-
crose in sweetness and energy, respectively."

Comment: placebos were described to be similar in taste (sweetness); fasting
glucose; investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "The usual diet of each patient was supplemented
daily with either 28 g sucrose (sucrose diet) or saccharin and starch (saccharin
diet). The saccharin and starch supplements were equivalent to about 28 g su-
crose in sweetness and energy, respectively."

Cooper 1988  (Continued)
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Comment: placebos were described to be similar in taste (sweetness); investi-
gator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
insulin sensitivity/serum
insulin

Low risk Quote from publication: "The usual diet of each patient was supplemented
daily with either 28 g sucrose (sucrose diet) or saccharin and starch (saccharin
diet). The saccharin and starch supplements were equivalent to about 28 g su-
crose in sweetness and energy, respectively."

Comment: placebos were described to be similar in taste (sweetness); investi-
gator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "The usual diet of each patient was supplemented
daily with either 28 g sucrose (sucrose diet) or saccharin and starch (saccharin
diet). The saccharin and starch supplements were equivalent to about 28 g su-
crose in sweetness and energy, respectively."

Comment: placebos were described to be similar in taste (sweetness); investi-
gator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: the blinding of outcome assessors was not addressed; investiga-
tor-assessed outcome

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
insulin sensitivity/serum
insulin

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Incomplete outcome data
(attrition bias)
body weight

Low risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"

Comment: no missing outcome data; results for all 17 randomised partici-
pants were reported

Incomplete outcome data
(attrition bias)
glucose levels

Low risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"

Comment: no missing outcome data; results for all 17 randomised partici-
pants were reported

Incomplete outcome data
(attrition bias)
HbA1c

Low risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"

Comment: no missing outcome data; results for all 17 randomised partici-
pants were reported

Incomplete outcome data
(attrition bias)

Low risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"
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insulin sensitivity/serum
insulin

Comment: no missing outcome data; results for all 17 randomised partici-
pants were reported

Incomplete outcome data
(attrition bias)
lipid profile

Low risk Quote from publication: "patients were randomly allocated to each 6-week
dietary sequence (11 sucrose diet first and 6 saccharin diet first)"

Comment: no missing outcome data; results for all 17 randomised partici-
pants were reported

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol is unavailable, but the publication seems to in-
clude all expected outcomes (ORBIT classification)

Other bias Unclear risk Comment: cross-over without washout period; industry funding

Cooper 1988  (Continued)

 
 

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria:

• male or female

• aged between 18 and 75

• diagnosed with type 2 diabetes (according to WHO criteria)

• being treated with diet and exercise alone, and not on any medication for diabetes

• HbA1c level at screening and baseline greater than 6.6% and less than 9.0%

• fasting glucose concentration less than 240 mg/dL (13.3 mmol/L)

• BMI ≤ 45 kg/m2

• a stable weight (±10%) for 3 months prior to entry into the study

Exclusion criteria:

• treatment with any sulfonylureas, or other antidiabetic medications (e.g. thiazolidinediones, met-
formin, acarbose, exenatide, or insulin) within the prior 3 months

• chronic (lasting longer than 14 consecutive days) systemic glucocorticoid treatment within 4 weeks
of the baseline visit

• use of any weight loss drugs within the prior 3 months

• proliferative retinopathy

• known or suspected abuse of alcohol or narcotics

• any experience with hypoglycaemic unconsciousness

• impaired hepatic, renal, or cardiac function

• uncontrolled hypertension

• pregnancy, breastfeeding, or intention of becoming pregnant or judged to be using inadequate con-
traception

• documented gastrointestinal disease, or taking of medications to alter gut motility or absorption

• treatment with any investigational drug within 30 days of the screening visit

Diagnostic criteria: "according to WHO criteria"

Setting: outpatients

Age group: adults

Sex: females and males

Ensor 2015 
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Country where trial was performed: India, USA

Interventions Intervention(s): Splenda 1.5 g, 3 times a day, dissolved in 125 to 250 mL of water

Comparator(s): tagatose 15 g, 3 times a day, dissolved in 125 to 250 mL of water

Duration of intervention: 10 months

Duration of follow-up: 10 months

Run-in period: 8 weeks

Number of study centres: multicentre study (number of centres not provided)

Outcomes Reported outcomes in full text of publication: HbA1c, lipid profile (total-C, HDL, TG), glucose levels
(fasting)

Identification Trial identifier: NCT00955747; CTRI/2009/091/000536

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: Biospherics subsidiary of Spherix Inc; non-commercial funding: grant
from the National Center for Research Resources and the National Center for Advancing Translational
Sciences, US National Institutes of Health

Publication status: peer-reviewed journal and full article

Stated aim for study Quote: "The primary objective of this Phase 3 clinical trial was to evaluate the placebo-controlled ef-
fect of D-tagatose on glycemic control and safety in subjects with type 2 diabetes over the course of a
10-month treatment. The secondary objectives of this clinical trial were to evaluate the placebo-con-
trolled effects of D-tagatose on fasting blood glucose, insulin, lipid profiles, and changes in BMI."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "A total of 494 subjects were randomized into the
study" "There were 494 subjects randomized, 185 subjects in the US and
309 subjects in India", "Randomization was stratified according to screening
HbA1c values (<7.5% and ≥7.5%) to achieve a balanced distribution of subjects
across two arms (treatment and placebo)"

Comment: insufficient information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "This was a Phase 3, multicenter, randomized, dou-
ble-blind, placebo-controlled, parallel group study"

Comment: not clear whether allocation sequence was concealed

Blinding of participants
and personnel (perfor-
mance bias)
anthropometric measures
other than body weight

Low risk Quote from publication: "The placebo amounts were chosen to match sweet-
ness for blinding. The powder packets were the same size and bore the same
labeling with the exception of the designation 'Substance A' or 'Substance B'"

Comment: placebos were described to be similar in sweetness and packaging;
investigator-assessed outcome

Ensor 2015  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "The placebo amounts were chosen to match sweet-
ness for blinding. The powder packets were the same size and bore the same
labeling with the exception of the designation 'Substance A' or 'Substance B'"

Comment: placebos were described to be similar in sweetness and packaging;
investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "The placebo amounts were chosen to match sweet-
ness for blinding. The powder packets were the same size and bore the same
labeling with the exception of the designation 'Substance A' or 'Substance B'"

Comment: placebos were described to be similar in sweetness and packaging;
fasting glucose; investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "The placebo amounts were chosen to match sweet-
ness for blinding. The powder packets were the same size and bore the same
labeling with the exception of the designation 'Substance A' or 'Substance B'"

Comment: placebos were described to be similar in sweetness and packaging;
investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "The placebo amounts were chosen to match sweet-
ness for blinding. The powder packets were the same size and bore the same
labeling with the exception of the designation 'Substance A' or 'Substance B'"

Comment: placebos were described to be similar in sweetness and packaging;
investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
anthropometric measures
other than body weight

Unclear risk Comment: the blinding of outcome assessors was not addressed; investiga-
tor-assessed outcome

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: the blinding of outcome assessors was not addressed; investiga-
tor-assessed outcome

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: the outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed outcome

Incomplete outcome data
(attrition bias)
anthropometric measures
other than body weight

High risk Quote from publication: "A total of 494 subjects were randomized into
the study (...) Of these, 480 were treated, 248 with placebo and 232 with D-
tagatose" "The ITT population was approximately evenly divided between
males and females (...) with approximately equivalent distributions in the D-
tagatose and placebo groups." "Three analysis populations were evaluated: (1)
The Intent-to-Treat (ITT) population, (2) the Per Protocol (PP) population, and
(3) the Safety population."
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Comment: in total 494 participants were randomised, out of these 356 (72.1%)
were analysed in the ITT population, 204 (41.3%) in the PP population, and 392
(79.4%) in the safety population; reasons for attrition were not reported

Incomplete outcome data
(attrition bias)
body weight

High risk Quote from publication: "A total of 494 subjects were randomized into
the study (...) Of these, 480 were treated, 248 with placebo and 232 with D-
tagatose" "The ITT population was approximately evenly divided between
males and females (...) with approximately equivalent distributions in the D-
tagatose and placebo groups." "Three analysis populations were evaluated: (1)
The Intent-to-Treat (ITT) population, (2) the Per Protocol (PP) population, and
(3) the Safety population."

Comment: data for body weight (kg) not provided

Incomplete outcome data
(attrition bias)
glucose levels

High risk Quote from publication: "A total of 494 subjects were randomized into
the study (...) Of these, 480 were treated, 248 with placebo and 232 with D-
tagatose" "The ITT population was approximately evenly divided between
males and females (...) with approximately equivalent distributions in the D-
tagatose and placebo groups." "Three analysis populations were evaluated: (1)
The Intent-to-Treat (ITT) population, (2) the Per Protocol (PP) population, and
(3) the Safety population."

Comment: in total 494 participants were randomised, out of these 356 (72.1%)
were analysed in the ITT population, 204 (41.3%) in the PP population, and 392
(79.4%) in the safety population; reasons for attrition were not reported

Incomplete outcome data
(attrition bias)
HbA1c

High risk Quote from publication: "A total of 494 subjects were randomized into
the study (...) Of these, 480 were treated, 248 with placebo and 232 with D-
tagatose" "The ITT population was approximately evenly divided between
males and females (...) with approximately equivalent distributions in the D-
tagatose and placebo groups." "Three analysis populations were evaluated: (1)
The Intent-to-Treat (ITT) population, (2) the Per Protocol (PP) population, and
(3) the Safety population."

Comment: in total 494 participants were randomised, out of these 356 (72.1%)
were analysed in the ITT population, 204 (41.3%) in the PP population, and 392
(79.4%) in the safety population; reasons for attrition were not reported

Incomplete outcome data
(attrition bias)
lipid profile

Unclear risk Quote from publication: "A total of 494 subjects were randomized into
the study (...) Of these, 480 were treated, 248 with placebo and 232 with D-
tagatose" "The ITT population was approximately evenly divided between
males and females (...) with approximately equivalent distributions in the D-
tagatose and placebo groups." "Three analysis populations were evaluated: (1)
The Intent-to-Treat (ITT) population, (2) the Per Protocol (PP) population, and
(3) the Safety population."

Comment: in total 494 participants were randomised, out of these 356 (72.1%)
were analysed in the ITT population, 204 (41.3%) in the PP population, and 392
(79.4%) in the safety population; reasons for attrition were not reported

Selective reporting (re-
porting bias)

High risk Comment: body weight and BMI were both measured, but it is only reported
that no significant differences were observed between intervention and con-
trol groups. For serum insulin concentration, it is only stated that "there was
no detectable consistent change in serum insulin concentrations in this trial".

Other bias Unclear risk Comment: the study was supported in part by a commercial grant

Ensor 2015  (Continued)
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Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria:

• type 2 diabetes for at least 1 year

• 31 to 70 years of age

• individuals who managed their diabetes with either insulin or an oral hypoglycaemic agent, but not
both

• individuals with relatively stable diabetes and a per cent HbA1c value of 10 or less

• individuals familiar with capillary blood glucose monitoring and standard diet guidelines for diabetes
management

• general good health

Exclusion criteria: —

Diagnostic criteria: —

Setting: outpatients

Age group: adults

Sex: females and males

Country where trial was performed: USA

Interventions Intervention(s): sucralose, 667 mg daily in capsules

Comparator(s): placebo (cellulose) capsules

Duration of intervention: 13 weeks

Duration of follow-up: 17 weeks (13 weeks intervention and 4 weeks follow-up)

Run-in period: 4 weeks; all participants received placebo capsules 2 times a day

Number of study centres: 5

Outcomes Reported outcomes in full text of publication: HbA1c, glucose levels (fasting), adverse events

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: McNeil Specialty Products Company and Tate Lyle Speciality Sweeten-
ers

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "To investigate the effect of 3-months’ daily administration of high doses of
sucralose, a non-nutritive sweetener, on glycemic control in subjects with type 2 diabetes."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Grotz 2003 
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Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "The study had a double-blind, randomized, paral-
lel-group design"

Comment: no information about the sequence generation process

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "The study had a double-blind, randomized, paral-
lel-group design"

Comment: insufficient information to judge whether intervention allocation
could have been foreseen in advance

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

Low risk Quote from publication: "subjects were randomized to treatment groups, the
identity of which was unknown to either the study subjects or the investiga-
tors"

Comment: it is stated that blinding of participants and key personnel was en-
sured; self-reported outcome

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "subjects were randomized to treatment groups, the
identity of which was unknown to either the study subjects or the investiga-
tors"

Comment: it is stated that blinding of participants and key personnel was en-
sured; fasting glucose; investigator-assessed outcome

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "subjects were randomized to treatment groups, the
identity of which was unknown to either the study subjects or the investiga-
tors"

Comment: it is stated that blinding of participants and key personnel was en-
sured; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Quote from publication: "subjects were randomized to treatment groups, the
identity of which was unknown to either the study subjects or the investiga-
tors"

Comment: it is stated that blinding of participants (i.e. assessors of adverse
events) was ensured; self-reported outcome

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Incomplete outcome data
(attrition bias)
adverse events

Low risk Quote from publication: "There were no significant differences between the
treatment groups in the type, number, or severity of adverse events reported.
No subjects discontinued from the study because of an adverse event, and no
adverse events were documented as being probably or definitely related to
treatment"

Comment: adverse events are not listed in the manuscript, but they were de-
scribed to be balanced in numbers across intervention groups

Incomplete outcome data
(attrition bias)
glucose levels

Unclear risk Quote from publication: "A total of 136 subjects entered the test phase of the
study. Of theses, 67 were randomized to receive sucralose and 69 to receive
placebo. Eight subjects (4 each in the sucralose and placebo groups) discon-
tinued after randomization to the test phase, none as a consequence of an ad-
verse event. Therefore, 128 subjects completed the study" and were analysed

Grotz 2003  (Continued)
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Comment: missing outcome data are balanced in numbers across interven-
tion groups; dropout rates are low (6.0% in the sucralose and 5.8% in the
placebo group); reason for attrition is not provided

Incomplete outcome data
(attrition bias)
HbA1c

Unclear risk Comment: missing outcome data are balanced in numbers across interven-
tion groups; dropout rates are low (6.0% in the sucralose and 5.8% in the
placebo group); reason for attrition is not provided

Selective reporting (re-
porting bias)

High risk Comment: there are outcomes of interest (HbA1c, fasting glucose, adverse
events) which were reported incompletely (ORBIT classification)

Other bias Unclear risk Comment: commercial funding

Grotz 2003  (Continued)

 
 

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria:

• males and females

• 18 to 74 years of age

• with type 2 diabetes mellitus that was diagnosed at least 1 year prior to screening

• HbA1c ≤ 9.0% at screening

• treated for at least 12 weeks with stable dose(s) of 1 to 3 oral hypoglycaemic agents, basal insulin
(intermediate or long-acting injections that provide a steady, low level of insulin throughout the day
and night), or a combination of basal insulin plus 1 to 3 oral hypoglycaemic agents

• BMI of 25 to 45 kg/m2

• willing to maintain their habitual diets and physical activity patterns, and have no plans to change
their smoking habits during the study period

Exclusion criteria:

• significant renal, pulmonary, hepatic, or biliary disease

• recent history of a cardiovascular event or revascularisation procedure

• any gastrointestinal condition that could potentially interfere with the absorption of the study prod-
uct

• individuals with poorly controlled hypertension (resting seated systolic blood pressure ≥ 160 mmHg
or diastolic blood pressure ≥ 100 mmHg)

• women of childbearing potential who were unwilling to commit to using a medically approved form
of contraception, or who were pregnant, lactating, or planning to be pregnant during the study

Diagnostic criteria: —

Setting: outpatients

Age group: adults

Sex: females and males

Country where trial was performed: USA

Interventions Intervention(s): rebaudioside A 1000 mg daily in capsules (4 x 250 mg capsules; 97% purity)

Comparator(s): placebo capsules (microcrystalline cellulose)

Duration of intervention: 16 weeks

Maki 2008 
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Duration of follow-up: 16 weeks

Run-in period: 2 weeks

Number of study centres: 6

Outcomes Reported outcomes in full text of publication: HbA1c, body weight (kg), adverse events, lipid profile
(total-C, HDL, LDL, TG), glucose levels (fasting), serum insulin

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: from Cargill Inc, Food Ingredients and Systems North America to the last
author for consulting services

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "The present study was designed to provide data on the effects, if any, of ste-
viol glycosides on glucose homeostasis in individuals with type 2 diabetes."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "Subjects were randomly assigned to receive place-
bo or rebaudioside A"

Comment: the method used to generate the allocation sequence was not de-
scribed

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "Subjects were randomly assigned to receive place-
bo or rebaudioside A"

Comment: no information about the allocation concealment provided

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Maki 2008  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
insulin sensitivity/serum
insulin

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: double-blind procedure

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Quote from publication: "This was a randomized, double-blind, placebo-con-
trolled clinical trial"

Comment: participants (i.e. outcome assessors) were blinded; self-reported
outcome

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; method of assessment not reported

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
insulin sensitivity/serum
insulin

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Incomplete outcome data
(attrition bias)
adverse events

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks", "The reasons for discontinua-
tion included (...) adverse events [rebaudioside A, N = 2 (gastrointestinal haem-
orrhage and hyperglycemia) and placebo, N = 1 (bronchitis)", "A total of 50
subjects reported at least one adverse event during the study..."

Comment: both discontinuation of the study due to an adverse event and ad-
verse events not leading to discontinuation were properly described

Incomplete outcome data
(attrition bias)
body weight

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks"

Comment: body weight was described for all the 122 participants randomised

Incomplete outcome data
(attrition bias)
glucose levels

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks"

Maki 2008  (Continued)
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Comment: fasting glucose levels were described for all the 122 participants
randomised

Incomplete outcome data
(attrition bias)
HbA1c

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks" "Glycosylated hemoglobin da-
ta were imputed by last-observation carried forward for four subjects in the re-
baudioside A group and two in the placebo group). The results did not differ
materially when the data were analyzed with and without the imputed data
points (data not shown)."

Comment: imputed data balanced in numbers across intervention groups; im-
puted data not presented; missing data: 3.3%

Incomplete outcome data
(attrition bias)
insulin sensitivity/serum
insulin

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks"

Comment: serum insulin levels were described for all the 122 participants ran-
domised

Incomplete outcome data
(attrition bias)
lipid profile

Low risk Quote from publication: "122 persons with previously diagnosed type 2 dia-
betes mellitus were randomly assigned to receive either rebaudioside A 1000
mg/d (N = 60) or placebo (N = 62) for 16 weeks"

Comment: total-C, HDL, LDL, and TG levels were described for all the 122 par-
ticipants randomised

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol is unavailable, but based on ORBIT classifica-
tion all expected outcomes seem to have been included in the publication

Other bias Unclear risk Comment: the last author received commercial funding

Maki 2008  (Continued)

 
 

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria:

• age 18 to 65 years

• type 1 or type 2 diabetes

• fasting plasma glucose not > 200 mg/dL at the time of study entry

• stable therapy (no change of medication or dosage) for at least 1 month

Exclusion criteria: —

Diagnostic criteria: diagnosis of diabetes had been established by a fasting plasma glucose > 140 mg/
dL, an abnormal oral glucose tolerance test as interpreted by the US Public Health Service criteria, or
an unequivocal history of diabetes; insulin-dependent diabetes mellitus: participants who, by history,
developed ketosis or ketoacidosis when adequate exogenous insulin was not provided; non-insulin-de-
pendent diabetes mellitus: individuals who are not on insulin and are not ketotic or who, if on insulin,
have no history of ketoacidosis

Setting: presumably outpatients

Age group: adults

Nehrling 1985 
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Sex: not reported, but probably females and males

Country where trial was performed: USA

Interventions Intervention(s): aspartame 2.7 g daily, in capsules

Comparator(s): placebo capsules containing cornstarch, 1.8 g daily

Duration of intervention: 18 weeks

Duration of follow-up: 18 weeks

Run-in period: 1 week

Number of study centres: 1

Outcomes Reported outcomes in full text of publication: HbA1c, adverse events, glucose levels (fasting and
postprandial)

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: commercial funding: GD Searle & Co., Skokie, Illinois, and non-commercial funding: Universi-
ty of Illinois

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "... subjects having either insulin-dependent or non-insulin-dependent dia-
betes completed a randomised, double-blind study comparing effects of aspartame or a placebo on
blood glucose control"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote from publication: "Capsules were provided in coded bottles, which
contained either aspartame or placebo according to a randomization table,
and were assigned to subjects in sequential order"

Comment: random number tables are an adequate method to generate the al-
location sequence

Allocation concealment
(selection bias)

Low risk Quote from publication: "Capsules were provided in coded bottles, which
contained either aspartame or placebo according to a randomization table,
and were assigned to subjects in sequential order"

Comment: the method used ensured that intervention allocation could not
have been foreseen in advance or changed after assignment

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

Low risk Quote from publication: "identical appearing placebo capsules" were used

Comment: self-reported outcome

Blinding of participants
and personnel (perfor-
mance bias)

Low risk Quote from publication: "identical appearing placebo capsules" were used

Nehrling 1985  (Continued)
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glucose levels Comment: fasting and postprandial glucose levels; investigator-assessed out-
come

Blinding of participants
and personnel (perfor-
mance bias)
HbA1c

Low risk Quote from publication: "identical appearing placebo capsules" were used

Comment: investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Quote from publication: "identical appearing placebo capsules" were used

Comment: outcome assessors (i.e. participants) were blinded; self-reported
outcome

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
HbA1c

Low risk Comment: the outcome measurement is unlikely to have been influenced by
lack of blinding; investigator-assessed outcome

Incomplete outcome data
(attrition bias)
adverse events

Low risk Quote from publication: "Of the 63 subjects, 62 completed the study."

Comment: the only dropout was because of an adverse event (gastrointestinal
symptoms). Types and numbers of adverse reactions are also clearly stated for
participants who completed the study.

Incomplete outcome data
(attrition bias)
glucose levels

Unclear risk Comment: only 1 participant dropped out during the study from the aspar-
tame group; dropout rate: 1.6%; the table containing fasting plasma glucose
results does not report on sample sizes, i.e. it is unclear whether the data
shown are for the 62 participants who completed the study

Incomplete outcome data
(attrition bias)
HbA1c

Unclear risk Comment: only 1 participant dropped out during the study from the aspar-
tame group; dropout rate: 1.6%; the table containing HbA1c results does not
report on sample sizes, i.e. it is unclear whether the data shown are for the 62
participants who completed the study

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol is unavailable, but based on ORBIT classifica-
tion all expected outcomes seem to have been included in the publication

Other bias Unclear risk Comment: the study was supported in part by a commercial grant

Nehrling 1985  (Continued)

 
 

Study characteristics

Methods Study design: parallel randomised controlled trial

Participants Inclusion criteria:

• adults with type 2 diabetes

• aged 21 to 70 years

• diabetes managed by diet or oral hypoglycaemic agents, or both

• not receiving insulin

• individuals with tests (complete blood count, pregnancy test, partial thromboplastin time, BUN, cre-
atinine, bilirubin, plasma phenylalanine, plasma tyrosine) within normal limits

Stern 1976 
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Exclusion criteria: —

Diagnostic criteria: —

Setting: outpatients

Age group: adults

Sex: females and males

Country where trial was performed: USA

Interventions Intervention(s): aspartame 1.8 g daily, in the form of 2 capsules 3 times daily added to the usual diet

Comparator(s): matched placebo

Duration of intervention: 13 weeks

Duration of follow-up: 13 weeks

Run-in period: 1 week

Number of study centres: 2

Outcomes Reported outcomes in full text of publication: body weight (unit unclear), adverse events, lipid pro-
file (total-C, TG), glucose levels (fasting)

Identification Trial identifier: —

Trial terminated early: no

Publication details Language of publication: English

Funding: non-commercial funding: grant-in-aid from G.D. Searle & Co. (for presentation of study results
at a scientific meeting)

Publication status: peer-reviewed journal and full article

Stated aim for study Quote from publication: "The present study was designed to determine whether non-insulin-depen-
dent diabetic subjects could consume 1.8 g aspartame daily for 90 days (a) without signs or symptoms
of intolerance occurring, (b) without fasting plasma phenylalanine levels exceeding 4 mg/100 ml, and/
or (c) without deterioration in diabetic control"

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote from publication: "randomly assigned volunteers"

Comment: no information on sequence generation

Allocation concealment
(selection bias)

Unclear risk Quote from publication: "randomly assigned volunteers"

Comment: no information on allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

Low risk Quote from publication: "The study design was double blind with the sub-
jects randomly assigned to receive aspartame or matching placebo capsules."

Comment: it is stated that placebos were similar; self-reported outcome mea-
sure

Stern 1976  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
body weight

Low risk Quote from publication: "The study design was double blind with the sub-
jects randomly assigned to receive aspartame or matching placebo capsules."

Comment: it is stated that placebos were similar; investigator-assessed out-
come measure

Blinding of participants
and personnel (perfor-
mance bias)
glucose levels

Low risk Quote from publication: "The study design was double blind with the sub-
jects randomly assigned to receive aspartame or matching placebo capsules."

Comment: it is stated that placebos were similar; fasting glucose levels; inves-
tigator-assessed outcome measure

Blinding of participants
and personnel (perfor-
mance bias)
lipid profile

Low risk Quote from publication: "The study design was double blind with the sub-
jects randomly assigned to receive aspartame or matching placebo capsules."

Comment: it is stated that placebos were similar; investigator-assessed out-
come measure

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Comment: outcome assessors (i.e. participants) were blinded; self-reported
outcome

Blinding of outcome as-
sessment (detection bias)
body weight

Unclear risk Comment: not reported; investigator-assessed outcome

Blinding of outcome as-
sessment (detection bias)
glucose levels

Low risk Comment: this outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed

Blinding of outcome as-
sessment (detection bias)
lipid profile

Low risk Comment: this outcome is unlikely to have been influenced by lack of blind-
ing; investigator-assessed

Incomplete outcome data
(attrition bias)
adverse events

Unclear risk Quote from publication: "Sixty-nine subjects completed the study." "Six other
participants were lost to follow-up or were discontinued for medical reasons
not related to the study"

Comment: dropout rate: 8%; reasons for attrition and whether they were bal-
anced across groups was not described

Incomplete outcome data
(attrition bias)
body weight

Unclear risk Quote from publication: "Sixty-nine subjects completed the study." "Six other
participants were lost to follow-up or were discontinued for medical reasons
not related to the study"

Comment: dropout rate: 8%; reasons for attrition and whether they were bal-
anced across groups was not described; unit for body weight is missing, there-
fore results are incomplete

Incomplete outcome data
(attrition bias)
glucose levels

High risk Comment: glucose levels were measured in both centres, but data are report-
ed for only 1 study centre; missing data: 62.3%

Incomplete outcome data
(attrition bias)
lipid profile

Unclear risk Quote from publication: "Sixty-nine subjects completed the study." "Six other
participants were lost to follow-up or were discontinued for medical reasons
not related to the study"

Comment: dropout rate: 8%; reasons for attrition and whether they were bal-
anced across groups was not described

Stern 1976  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Comment: data for body weight were reported incompletely (without unit),
data for glucose levels were reported only for 1 of the 2 study centres

Other bias Unclear risk Comment: funding of the study is unclear

Stern 1976  (Continued)

—: denotes not reported
BMI: body mass index; BP: blood pressure; BUN: blood urea nitrogen; HbA1c: glycosylated haemoglobin A1c; HDL: high-density
lipoprotein; HOMA: homeostatic model assessment; IA: investigator-assessed; JECFA: Joint FAO/WHO Expert Committee on Food
Additives; LDL: low-density lipoprotein; ORBIT: Outcome Reporting Bias In Trials; SR: self-reported; total-C: total cholesterol; TG:
triglycerides; WHO: World Health Organization.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

ACTRN12618000862246 Duration of intervention < 4 weeks

Anonymous 1979 Not a primary study (narrative overview)

Barbosa Martín 2014 Not a primary study (narrative overview)

Bastaki 2015 Not a primary study (narrative overview)

Baturina 2004 Duration of intervention < 4 weeks

Beringer 1973 Not a primary study (narrative overview)

Blackburn 1997 Participants were non-diabetic

Bloomgarden 2011 Not a primary study (narrative overview)

Chantelau 1986 Not a primary study (narrative overview)

Corfe 1858 Not a primary study (narrative overview)

Deschamps 1971 Duration of intervention < 4 weeks

Dinkovski 2017 Not a primary study (narrative overview)

EUCTR2006-002395-18-DK Trial was never started (based on information from authors: "the study have never been execut-
ed").

Farkas 1965 Not a randomised controlled trial

Ferland 2007 Duration of intervention < 4 weeks

Ferri 2006 Participants were non-diabetic.

Fukuda 2010 Duration of intervention < 4 weeks

Gapparov 1996 Not a primary study (narrative overview)

Healy 2013 Not a primary study (narrative overview)

Heraud 1976 Not a primary study (narrative overview)
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Study Reason for exclusion

IRCT2015091513612N6 Intervention unclear ("8 candies with no sugar, 6 biscuits, and 5 sugar bars, daily")

Kanders 1988 Participants were non-diabetic

Knopp 1976 Participants were non-diabetic

Leon 1989 Participants were non-diabetic

Macdonald 1970 Not a primary study (narrative overview)

Madjd 2017 Intervention unclear ("subjects were instructed to continue to drink DBs (250 mL) once daily after
lunch (main meal) 5 times a week")

Maersk 2012 Participants were non-diabetic

Maki 2009 Duration of intervention < 4 weeks

Masic 2017 Participants were non-diabetic

Mazovetskii 1976 Not a primary study (narrative overview)

McCann 1956 Not a randomised controlled trial

Mehnert 1975 Not a primary study (narrative overview)

Mehnert 1979 Not a primary study (narrative overview)

Morris 1993 Participants were non-diabetic

NCT01324921 Duration of intervention < 4 weeks

NCT02252952 Participants were non-diabetic

NCT02412774 Intervention unclear ("diet beverages after the main meal")

NCT02487537 Participants were non-diabetic

NCT02813759 Not a randomised clinical trial

NCT03680482 Duration of intervention < 4 weeks

Noren 2014 Not a randomised controlled trial

Odegaard 2017 Intervention unclear ("diet beverage (DB) of choice ")

PACTR201410000894447 Duration of intervention < 4 weeks

Parimalavalli 2011 Not a randomised clinical trial

Peters 2014 Participants were non-diabetic

Peters 2016 Participants were non-diabetic

Piernas 2011 Participants were non-diabetic
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Study Reason for exclusion

Piernas 2013 Participants were non-diabetic

Prols 1973 Duration of intervention < 4 weeks

Pröls 1974 Duration of intervention < 4 weeks

Purdy 1988 Not a primary study (narrative overview)

Reid 1994 Participants were non-diabetic

Reid 1998 Participants were non-diabetic

Reid 2010 Participants were non-diabetic

Reyna 2003 Concomitant interventions were not similar: one group received a diet based on the American Dia-
betic Association's nutrition recommendations, and the other group received a modified, low-calo-
rie diet containing a fat replacer (beta-glucans derived from oats) and the sweeteners, sucralose
and fructose

Ritu 2016 Not a randomised controlled trial

Rodin 1990 Participants were non-diabetic

Rogers 1994 Duration of intervention < 4 weeks

Sadeghi 2019 Wrong intervention (not an NNS)

Samanta 1985 Effects of an intervention with either 20 g glucose, 20 g sucrose, or 26 g honey

Saundby 1887 Not a primary study (narrative overview)

Schatz 1977 Not a randomised controlled trial

Sharafetdinov 2002 Not a randomised controlled trial

Shigeta 1985 Not a randomised controlled trial

Simeonov 2002 Effect of consuming 200 mL Aronia melanocarpa juice (with artificial sweeteners, but also contain-
ing flavonoids, vitamins, minerals, trace elements) compared to no intervention

Skyler 1980 Not a primary study (narrative overview)

Sloane 1858 Not a primary study (narrative overview)

Stevens 2013 Not a primary study (narrative overview)

Stoye 2008 Not a primary study (narrative overview)

Sørensen 2014 Participants were non-diabetic

Taljaard 2013 Participants were non-diabetic

Tsapok 2012 Participants were non-diabetic

Tuttas 2012 Not a primary study (narrative overview)
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Study Reason for exclusion

Vazquez Duran 2013 Participants were non-diabetic

Verspohl 2014 Not a primary study (narrative overview)

Vorster 1987 Duration of intervention < 4 weeks

Watal 2014 Not a primary study (narrative overview)

Williams 1857 Not a randomised controlled trial

Williams 1858 Not a primary study (narrative overview)

Williams 2014 Not a primary study (narrative overview)

Wills 1981 Not a randomised controlled trial

Ylikahri 1980 Not a primary study (narrative overview)

Zöllner 1971 Participants were non-diabetic

ADA: American Dietetic Association; NNS: non-nutritive sweetener.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   NNS versus sugar

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 HbA1c (%) 3 72 Mean Difference (IV, Random, 95%
CI)

0.35 [-0.54, 1.24]

1.2 Body weight (kg) 3 72 Mean Difference (IV, Random, 95%
CI)

-0.07 [-2.72, 2.59]

1.3 Total cholesterol (mg/dL) 3 72 Mean Difference (IV, Random, 95%
CI)

-0.77 [-11.10, 9.56]

1.4 HDL cholesterol (mg/dL) 3 72 Mean Difference (IV, Random, 95%
CI)

-1.09 [-5.59, 3.42]

1.5 LDL cholesterol (mg/dL) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

1.6 Triglycerides (mg/dL) 3 72 Mean Difference (IV, Random, 95%
CI)

-1.52 [-14.96, 11.91]

1.7 Fasting blood glucose lev-
els (mg/dL)

2 52 Mean Difference (IV, Random, 95%
CI)

-5.02 [-28.31, 18.26]

1.8 Postprandial blood glu-
cose levels (mg/dL)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.9 Serum insulin (mi-
crounits/mL)

1   Mean Difference (IV, Fixed, 95% CI) Subtotals only

 
 

Analysis 1.1.   Comparison 1: NNS versus sugar, Outcome 1: HbA1c (%)

Study or Subgroup

Chantelau 1985
Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.52; Chi² = 14.79, df = 2 (P = 0.0006); I² = 86%
Test for overall effect: Z = 0.77 (P = 0.44)
Test for subgroup differences: Not applicable

MD

0
0
0

SE

0.206422
0.43589

0.268996

NNS
Total

10
9

17

36

Sugar
Total

10
9

17

36

Weight

36.5%
28.9%
34.6%

100.0%

Mean Difference
IV, Random, 95% CI

-0.02 [-0.42 , 0.38]
-0.20 [-1.05 , 0.65]

1.20 [0.67 , 1.73]

0.35 [-0.54 , 1.24]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours NNS Favours sugar

 
 

Analysis 1.2.   Comparison 1: NNS versus sugar, Outcome 2: Body weight (kg)

Study or Subgroup

Chantelau 1985
Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.19, df = 2 (P = 0.91); I² = 0%
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable

MD

0
0
0

SE

2.413297
2.905168
1.976777

NNS
Total

10
9

17

36

Sugar
Total

10
9

17

36

Weight

31.4%
21.7%
46.9%

100.0%

Mean Difference
IV, Random, 95% CI

0.80 [-3.93 , 5.53]
-0.60 [-6.29 , 5.09]
-0.40 [-4.27 , 3.47]

-0.07 [-2.72 , 2.59]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours NNS Favours sugar

 
 

Analysis 1.3.   Comparison 1: NNS versus sugar, Outcome 3: Total cholesterol (mg/dL)

Study or Subgroup

Chantelau 1985
Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.44, df = 2 (P = 0.49); I² = 0%
Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Not applicable

MD

0
0
0

SE

11.95736
7.733333
9.024875

NNS
Total

10
9

17

36

Sugar
Total

10
9

17

36

Weight

19.4%
46.5%
34.1%

100.0%

Mean Difference
IV, Random, 95% CI

-13.15 [-36.59 , 10.29]
3.85 [-11.31 , 19.01]
0.00 [-17.69 , 17.69]

-0.77 [-11.10 , 9.56]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar
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Analysis 1.4.   Comparison 1: NNS versus sugar, Outcome 4: HDL cholesterol (mg/dL)

Study or Subgroup

Chantelau 1985
Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.03, df = 2 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.47 (P = 0.64)
Test for subgroup differences: Not applicable

MD

0
0
0

SE

6.105172
3.924238
3.20147

NNS
Total

10
9

17

36

Sugar
Total

10
9

17

36

Weight

14.2%
34.3%
51.5%

100.0%

Mean Difference
IV, Random, 95% CI

-1.94 [-13.91 , 10.03]
-1.16 [-8.85 , 6.53]
-0.80 [-7.07 , 5.47]

-1.09 [-5.59 , 3.42]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar

 
 

Analysis 1.5.   Comparison 1: NNS versus sugar, Outcome 5: LDL cholesterol (mg/dL)

Study or Subgroup

Cooper 1988

MD

0

SE

8.553465

NNS
Total

17

Sugar
Total

17

Mean Difference
IV, Random, 95% CI

1.20 [-15.56 , 17.96]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar

 
 

Analysis 1.6.   Comparison 1: NNS versus sugar, Outcome 6: Triglycerides (mg/dL)

Study or Subgroup

Chantelau 1985
Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 2 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.22 (P = 0.82)
Test for subgroup differences: Not applicable

MD

0
0
0

SE

7.410418
38.60837
20.4215

NNS
Total

10
9

17

36

Sugar
Total

10
9

17

36

Weight

85.6%
3.2%

11.3%

100.0%

Mean Difference
IV, Random, 95% CI

-1.78 [-16.30 , 12.74]
0.00 [-75.67 , 75.67]
0.00 [-40.03 , 40.03]

-1.52 [-14.96 , 11.91]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar

 
 

Analysis 1.7.   Comparison 1: NNS versus sugar, Outcome 7: Fasting blood glucose levels (mg/dL)

Study or Subgroup

Colagiuri 1989
Cooper 1988

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 0.42 (P = 0.67)
Test for subgroup differences: Not applicable

MD

0
0

SE

25.95997
13.36332

NNS
Total

9
17

26

Sugar
Total

9
17

26

Weight

20.9%
79.1%

100.0%

Mean Difference
IV, Random, 95% CI

-3.60 [-54.48 , 47.28]
-5.40 [-31.59 , 20.79]

-5.02 [-28.31 , 18.26]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours NNS Favours sugar
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Analysis 1.8.   Comparison 1: NNS versus sugar, Outcome 8: Postprandial blood glucose levels (mg/dL)

Study or Subgroup

Chantelau 1985

Test for subgroup differences: Not applicable

MD

0

SE

16.61099

NNS
Total

10

Sugar
Total

10

Mean Difference
IV, Fixed, 95% CI

11.90 [-20.66 , 44.46]

Mean Difference
IV, Fixed, 95% CI

-200 -100 0 100 200
Favours NNS Favours sugar

 
 

Analysis 1.9.   Comparison 1: NNS versus sugar, Outcome 9: Serum insulin (microunits/mL)

Study or Subgroup

Cooper 1988

Test for subgroup differences: Not applicable

MD

0

SE

1.820312

NNS
Total

17

Sugar
Total

17

Mean Difference
IV, Fixed, 95% CI

0.80 [-2.77 , 4.37]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar

 
 

Comparison 2.   NNS versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 HbA1c (%) 4 360 Mean Difference (IV, Random,
95% CI)

-0.00 [-0.13, 0.13]

2.1.1 Studies with final value
scores

2 108 Mean Difference (IV, Random,
95% CI)

-0.11 [-0.51, 0.28]

2.1.2 Studies with change-from-
baseline scores

2 252 Mean Difference (IV, Random,
95% CI)

0.02 [-0.13, 0.17]

2.2 Body weight (kg) 2 184 Mean Difference (IV, Random,
95% CI)

-0.19 [-1.01, 0.63]

2.2.1 Studies with final value
scores

1 62 Mean Difference (IV, Random,
95% CI)

0.90 [-6.82, 8.62]

2.2.2 Studies with change-from-
baseline scores

1 122 Mean Difference (IV, Random,
95% CI)

-0.20 [-1.02, 0.62]

2.3 Adverse events (n/N) 3 231 Risk Ratio (M-H, Random, 95%
CI)

0.78 [0.39, 1.56]

2.4 BMI (kg/m2) 1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

2.5 Total cholesterol (mg/dL) 3 228 Mean Difference (IV, Random,
95% CI)

1.99 [-4.82, 8.80]

2.5.1 Studies with final value
scores

2 106 Mean Difference (IV, Random,
95% CI)

3.75 [-10.83, 18.32]

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

66



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.5.2 Studies with change-from-
baseline scores

1 122 Mean Difference (IV, Random,
95% CI)

1.50 [-6.20, 9.20]

2.6 HDL cholesterol (mg/dL) 2 168 Mean Difference (IV, Random,
95% CI)

-0.39 [-2.17, 1.39]

2.6.1 Studies with final value
score

1 46 Mean Difference (IV, Random,
95% CI)

-0.32 [-4.99, 4.35]

2.6.2 Studies with change-from-
baseline scores

1 122 Mean Difference (IV, Random,
95% CI)

-0.40 [-2.32, 1.52]

2.7 LDL cholesterol (mg/dL) 2 168 Mean Difference (IV, Random,
95% CI)

3.09 [-2.90, 9.08]

2.7.1 Studies with final values 1 46 Mean Difference (IV, Random,
95% CI)

1.04 [-11.45, 13.53]

2.7.2 Studies with change-from-
baseline scores

1 122 Mean Difference (IV, Random,
95% CI)

3.70 [-3.13, 10.53]

2.8 Triglycerides (mg/dL) 2   Mean Difference (IV, Random,
95% CI)

Subtotals only

2.8.1 Studies with final value
scores

2 106 Mean Difference (IV, Random,
95% CI)

18.47 [-6.78, 43.72]

2.9 Fasting blood glucose levels
(mg/dL)

5 384 Mean Difference (IV, Random,
95% CI)

2.24 [-11.60, 16.07]

2.9.1 Studies with final value
scores

4 251 Mean Difference (IV, Random,
95% CI)

1.07 [-23.65, 25.79]

2.9.2 Studies with change-from-
baseline scores

1 133 Mean Difference (IV, Random,
95% CI)

3.96 [-7.30, 15.22]

2.10 Postprandial blood glucose
levels (mg/dL)

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

2.10.1 Studies with final value
scores

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

2.11 Serum insulin (mi-
crounits/mL)

2 152 Mean Difference (IV, Random,
95% CI)

-2.51 [-5.39, 0.37]

2.11.1 Studies with final value
scores

1 30 Mean Difference (IV, Random,
95% CI)

-3.70 [-11.13, 3.73]

2.11.2 Studies with change-from-
baseline scores

1 122 Mean Difference (IV, Random,
95% CI)

-2.30 [-5.42, 0.82]
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Analysis 2.1.   Comparison 2: NNS versus placebo, Outcome 1: HbA1c (%)

Study or Subgroup

2.1.1 Studies with final value scores
Barriocanal 2008
Nehrling 1985
Subtotal (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 1.42, df = 1 (P = 0.23); I² = 30%
Test for overall effect: Z = 0.55 (P = 0.58)

2.1.2 Studies with change-from-baseline scores
Grotz 2003
Maki 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.03, df = 1 (P = 0.87); I² = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.70, df = 3 (P = 0.64); I² = 0%
Test for overall effect: Z = 0.01 (P = 0.99)
Test for subgroup differences: Chi² = 0.36, df = 1 (P = 0.55), I² = 0%

NNS
Mean

6.8435
11.4

-0.3
0.11

SD

1.1275
0.5

6.55
0.46

Total

23
29
52

65
60

125

177

Placebo
Mean

7.3217
11.4

-0.13
0.09

SD

1.4087
0.6

7.05
0.39

Total

23
33
56

65
62

127

183

Weight

3.1%
22.6%
25.8%

0.3%
73.9%
74.2%

100.0%

Mean Difference
IV, Random, 95% CI

-0.48 [-1.22 , 0.26]
0.00 [-0.27 , 0.27]

-0.11 [-0.51 , 0.28]

-0.17 [-2.51 , 2.17]
0.02 [-0.13 , 0.17]
0.02 [-0.13 , 0.17]

-0.00 [-0.13 , 0.13]

Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours NNS Favours placebo

 
 

Analysis 2.2.   Comparison 2: NNS versus placebo, Outcome 2: Body weight (kg)

Study or Subgroup

2.2.1 Studies with final value scores
Stern 1976
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

2.2.2 Studies with change-from-baseline scores
Maki 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.48 (P = 0.63)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.08, df = 1 (P = 0.78); I² = 0%
Test for overall effect: Z = 0.45 (P = 0.65)
Test for subgroup differences: Chi² = 0.08, df = 1 (P = 0.78), I² = 0%

NNS
Mean

80.3

0

SD

16.7

2.32

Total

33
33

60
60

93

Placebo
Mean

79.4

0.2

SD

14.3

2.32

Total

29
29

62
62

91

Weight

1.1%
1.1%

98.9%
98.9%

100.0%

Mean Difference
IV, Random, 95% CI

0.90 [-6.82 , 8.62]
0.90 [-6.82 , 8.62]

-0.20 [-1.02 , 0.62]
-0.20 [-1.02 , 0.62]

-0.19 [-1.01 , 0.63]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours NNS Favours placebo

 
 

Analysis 2.3.   Comparison 2: NNS versus placebo, Outcome 3: Adverse events (n/N)

Study or Subgroup

Barriocanal 2008
Maki 2008
Nehrling 1985

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.21; Chi² = 4.64, df = 2 (P = 0.10); I² = 57%
Test for overall effect: Z = 0.70 (P = 0.48)
Test for subgroup differences: Not applicable

NNS
Events

3
27

6

36

Total

23
60
30

113

Placebo
Events

5
23
14

42

Total

23
62
33

118

Weight

19.1%
48.4%
32.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.60 [0.16 , 2.22]
1.21 [0.79 , 1.86]
0.47 [0.21 , 1.07]

0.78 [0.39 , 1.56]

Risk Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
Favours NNS Favours placebo
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Analysis 2.4.   Comparison 2: NNS versus placebo, Outcome 4: BMI (kg/m2)

Study or Subgroup

Barriocanal 2008

Test for subgroup differences: Not applicable

NNS
Mean

27.0783

SD

4.1514

Total

23

Placebo
Mean

27.487

SD

4.7479

Total

23

Mean Difference
IV, Fixed, 95% CI

-0.41 [-2.99 , 2.17]

Mean Difference
IV, Fixed, 95% CI

-10 -5 0 5 10
Favours NNS Favours placebo

 
 

Analysis 2.5.   Comparison 2: NNS versus placebo, Outcome 5: Total cholesterol (mg/dL)

Study or Subgroup

2.5.1 Studies with final value scores
Barriocanal 2008
Stern 1976
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.11, df = 1 (P = 0.74); I² = 0%
Test for overall effect: Z = 0.50 (P = 0.61)

2.5.2 Studies with change-from-baseline scores
Maki 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.38 (P = 0.70)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.18, df = 2 (P = 0.91); I² = 0%
Test for overall effect: Z = 0.57 (P = 0.57)
Test for subgroup differences: Chi² = 0.07, df = 1 (P = 0.79), I² = 0%

NNS
Mean

169.67
186

-1.5

SD

27.99
557

26.34

Total

23
33
56

60
60

116

Placebo
Mean

165.73
215

-3

SD

22.27
62.9

15.49

Total

23
27
50

62
62

112

Weight

21.7%
0.1%

21.8%

78.2%
78.2%

100.0%

Mean Difference
IV, Random, 95% CI

3.94 [-10.68 , 18.56]
-29.00 [-220.52 , 162.52]

3.75 [-10.83 , 18.32]

1.50 [-6.20 , 9.20]
1.50 [-6.20 , 9.20]

1.99 [-4.82 , 8.80]

Mean Difference
IV, Random, 95% CI

-200-100 0 100 200
Favours NNS Favours placebo

 
 

Analysis 2.6.   Comparison 2: NNS versus placebo, Outcome 6: HDL cholesterol (mg/dL)

Study or Subgroup

2.6.1 Studies with final value score
Barriocanal 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.13 (P = 0.89)

2.6.2 Studies with change-from-baseline scores
Maki 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.98); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.98), I² = 0%

NNS
Mean

43.23

0.3

SD

7.07

5.42

Total

23
23

60
60

83

Placebo
Mean

43.55

0.7

SD

8.98

5.42

Total

23
23

62
62

85

Weight

14.5%
14.5%

85.5%
85.5%

100.0%

Mean Difference
IV, Random, 95% CI

-0.32 [-4.99 , 4.35]
-0.32 [-4.99 , 4.35]

-0.40 [-2.32 , 1.52]
-0.40 [-2.32 , 1.52]

-0.39 [-2.17 , 1.39]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours placebo Favours NNS
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Analysis 2.7.   Comparison 2: NNS versus placebo, Outcome 7: LDL cholesterol (mg/dL)

Study or Subgroup

2.7.1 Studies with final values
Barriocanal 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.87)

2.7.2 Studies with change-from-baseline scores
Maki 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.06 (P = 0.29)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.13, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 1.01 (P = 0.31)
Test for subgroup differences: Chi² = 0.13, df = 1 (P = 0.71), I² = 0%

NNS
Mean

103.8

-2.1

SD

24.24

23.24

Total

23
23

60
60

83

Placebo
Mean

102.76

-5.8

SD

18.6061

13.94

Total

23
23

62
62

85

Weight

23.0%
23.0%

77.0%
77.0%

100.0%

Mean Difference
IV, Random, 95% CI

1.04 [-11.45 , 13.53]
1.04 [-11.45 , 13.53]

3.70 [-3.13 , 10.53]
3.70 [-3.13 , 10.53]

3.09 [-2.90 , 9.08]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours NNS Favours placebo

 
 

Analysis 2.8.   Comparison 2: NNS versus placebo, Outcome 8: Triglycerides (mg/dL)

Study or Subgroup

2.8.1 Studies with final value scores
Barriocanal 2008
Stern 1976
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.20, df = 1 (P = 0.66); I² = 0%
Test for overall effect: Z = 1.43 (P = 0.15)

Test for subgroup differences: Not applicable

NNS
Mean

130.43
134

SD

69.6023
95.9

Total

23
33
56

Placebo
Mean

106.95
122

SD

43.9
52.4

Total

23
27
50

Weight

56.4%
43.6%

100.0%

Mean Difference
IV, Random, 95% CI

23.48 [-10.15 , 57.11]
12.00 [-26.23 , 50.23]

18.47 [-6.78 , 43.72]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours NNS Favours placebo

 
 

Analysis 2.9.   Comparison 2: NNS versus placebo, Outcome 9: Fasting blood glucose levels (mg/dL)

Study or Subgroup

2.9.1 Studies with final value scores
Barriocanal 2008
Maki 2008
Nehrling 1985
Stern 1976
Subtotal (95% CI)
Heterogeneity: Tau² = 306.70; Chi² = 5.88, df = 3 (P = 0.12); I² = 49%
Test for overall effect: Z = 0.08 (P = 0.93)

2.9.2 Studies with change-from-baseline scores
Grotz 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.69 (P = 0.49)

Total (95% CI)
Heterogeneity: Tau² = 79.28; Chi² = 6.00, df = 4 (P = 0.20); I² = 33%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Chi² = 0.04, df = 1 (P = 0.83), I² = 0%

NNS
Mean

141.28
147
174

134.9

2.52

SD

53.0829
47.3

75.69
65.55

30.45

Total

23
60
29
10

122

65
65

187

Placebo
Mean

181.3
147
168

95.5

-1.44

SD

97.31
58.3

80.42
37.05

35.7

Total

23
62
33
11

129

68
68

197

Weight

8.1%
29.1%
10.5%
7.9%

55.6%

44.4%
44.4%

100.0%

Mean Difference
IV, Random, 95% CI

-40.02 [-85.32 , 5.28]
0.00 [-18.81 , 18.81]
6.00 [-32.88 , 44.88]
39.40 [-6.75 , 85.55]
1.07 [-23.65 , 25.79]

3.96 [-7.30 , 15.22]
3.96 [-7.30 , 15.22]

2.24 [-11.60 , 16.07]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours placebo Favours NNS
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Analysis 2.10.   Comparison 2: NNS versus placebo, Outcome 10: Postprandial blood glucose levels (mg/dL)

Study or Subgroup

2.10.1 Studies with final value scores
Nehrling 1985

NNS
Mean

244

SD

102.3

Total

29

Placebo
Mean

245

SD

114.89

Total

33

Mean Difference
IV, Fixed, 95% CI

-1.00 [-55.06 , 53.06]

Mean Difference
IV, Fixed, 95% CI

-200 -100 0 100 200
Favours NNS Favours placebo

 
 

Analysis 2.11.   Comparison 2: NNS versus placebo, Outcome 11: Serum insulin (microunits/mL)

Study or Subgroup

2.11.1 Studies with final value scores
Barriocanal 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.33)

2.11.2 Studies with change-from-baseline scores
Maki 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.44 (P = 0.15)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.12, df = 1 (P = 0.73); I² = 0%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 0.12, df = 1 (P = 0.73), I² = 0%

NNS
Mean

11.6

1

SD

11.1

4.65

Total

15
15

60
60

75

Placebo
Mean

15.3

3.3

SD

9.6

11.62

Total

15
15

62
62

77

Weight

15.0%
15.0%

85.0%
85.0%

100.0%

Mean Difference
IV, Random, 95% CI

-3.70 [-11.13 , 3.73]
-3.70 [-11.13 , 3.73]

-2.30 [-5.42 , 0.82]
-2.30 [-5.42 , 0.82]

-2.51 [-5.39 , 0.37]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours NNS Favours placebo

 
 

Comparison 3.   NNS versus another type of sweetener

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 HbA1c (%) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.2 Total cholesterol (mg/
dL)

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.3 HDL cholesterol (mg/dL) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.4 LDL cholesterol (mg/dL) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.5 Triglycerides (mg/dL) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3.6 Fasting glucose (mg/dL) 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected
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Analysis 3.1.   Comparison 3: NNS versus another type of sweetener, Outcome 1: HbA1c (%)

Study or Subgroup

Ensor 2015

NNS
Mean

7.58

SD

0.94

Total

182

Other type of sweetener
Mean

7.33

SD

0.92

Total

172

Mean Difference
IV, Fixed, 95% CI

0.25 [0.06 , 0.44]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Favours NNS Favours other sweetener

 
 

Analysis 3.2.   Comparison 3: NNS versus another type of sweetener, Outcome 2: Total cholesterol (mg/dL)

Study or Subgroup

Ensor 2015

NNS
Mean

190

SD

30.52

Total

184

Other type of sweetener
Mean

189

SD

29.51

Total

189

Mean Difference
IV, Fixed, 95% CI

1.00 [-5.09 , 7.09]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours NNS Favours other sweetener

 
 

Analysis 3.3.   Comparison 3: NNS versus another type of sweetener, Outcome 3: HDL cholesterol (mg/dL)

Study or Subgroup

Ensor 2015

NNS
Mean

45.25

SD

6.78

Total

184

Other type of sweetener
Mean

44

SD

7.87

Total

172

Mean Difference
IV, Fixed, 95% CI

1.25 [-0.28 , 2.78]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favours NNS Favours other sweetener

 
 

Analysis 3.4.   Comparison 3: NNS versus another type of sweetener, Outcome 4: LDL cholesterol (mg/dL)

Study or Subgroup

Ensor 2015

NNS
Mean

113

SD

27.13

Total

184

Other type of sweetener
Mean

110

SD

26.23

Total

172

Mean Difference
IV, Fixed, 95% CI

3.00 [-2.54 , 8.54]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours NNS Favours other sweetener

 
 

Analysis 3.5.   Comparison 3: NNS versus another type of sweetener, Outcome 5: Triglycerides (mg/dL)

Study or Subgroup

Ensor 2015

NNS
Mean

162.5

SD

108.5

Total

184

Other type of sweetener
Mean

184.5

SD

111.48

Total

172

Mean Difference
IV, Fixed, 95% CI

-22.00 [-44.88 , 0.88]

Mean Difference
IV, Fixed, 95% CI

-100 -50 0 50 100
Favours NNS Favours other sweetener
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Analysis 3.6.   Comparison 3: NNS versus another type of sweetener, Outcome 6: Fasting glucose (mg/dL)

Study or Subgroup

Ensor 2015

NNS
Mean

141

SD

40.69

Total

184

Other type of sweetener
Mean

134.5

SD

28.85

Total

172

Mean Difference
IV, Fixed, 95% CI

6.50 [-0.79 , 13.79]

Mean Difference
IV, Fixed, 95% CI

-20 -10 0 10 20
Favours NNS Favours other sweetener

 
 

Comparison 4.   Sensitivity analysis: NNS versus sugar

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 HbA1c (%) 3   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.1.1 Correlation coefficient: 0 3 72 Mean Difference (IV, Random,
95% CI)

0.36 [-0.52, 1.24]

4.1.2 Correlation coefficient:
0.8

3 72 Mean Difference (IV, Random,
95% CI)

0.34 [-0.57, 1.26]

4.2 Body weight (kg) 3   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.2.1 Correlation coefficient: 0 3 72 Mean Difference (IV, Random,
95% CI)

-0.06 [-3.81, 3.68]

4.2.2 Correlation coefficient:
0.8

3 72 Mean Difference (IV, Random,
95% CI)

-0.07 [-1.75, 1.61]

4.3 Total cholesterol (mg/dL) 3   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.3.1 Correlation coefficient: 0 3 72 Mean Difference (IV, Random,
95% CI)

-0.87 [-15.35, 13.62]

4.3.2 Correlation coefficient:
0.8

3 72 Mean Difference (IV, Random,
95% CI)

-1.38 [-10.21, 7.46]

4.4 HDL cholesterol (mg/dL) 3   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.4.1 Correlation coefficient: 0 3 72 Mean Difference (IV, Random,
95% CI)

-1.10 [-7.40, 5.21]

4.4.2 Correlation coefficient:
0.8

3 72 Mean Difference (IV, Random,
95% CI)

-1.06 [-3.98, 1.86]

4.5 LDL cholesterol (mg/dL) 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.5.1 Correlation coefficient: 0 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.5.2 Correlation coefficient:
0.8

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.6 Triglycerides (mg/dL) 3   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.6.1 Correlation coefficient: 0 3 72 Mean Difference (IV, Random,
95% CI)

-1.53 [-19.91, 16.84]

4.6.2 Correlation coefficient:
0.8

3 72 Mean Difference (IV, Random,
95% CI)

-1.49 [-10.75, 7.77]

4.7 Fasting blood glucose lev-
els (mg/dL)

2   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.7.1 Correlation coefficient: 0 2 52 Mean Difference (IV, Random,
95% CI)

-5.01 [-37.78, 27.75]

4.7.2 Correlation coefficient:
0.8

2 52 Mean Difference (IV, Random,
95% CI)

-5.05 [-19.99, 9.88]

4.8 Postprandial blood glucose
levels (mg/dL)

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.8.1 Correlation coefficient: 0 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.8.2 Correlation coefficient:
0.8

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.9 Serum insulin (mi-
crounits/mL)

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.9.1 Correlation coefficient: 0 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

4.9.2 Correlation coefficient:
0.8

1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected
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Analysis 4.1.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 1: HbA1c (%)

Study or Subgroup

4.1.1 Correlation coefficient: 0
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.44; Chi² = 7.70, df = 2 (P = 0.02); I² = 74%
Test for overall effect: Z = 0.80 (P = 0.43)

4.1.2 Correlation coefficient: 0.8
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.60; Chi² = 33.03, df = 2 (P < 0.00001); I² = 94%
Test for overall effect: Z = 0.74 (P = 0.46)

MD

0
0
0

0
0
0

SE

0.274973
0.583095
0.379481

0.15103
0.316228
0.171378

NNS
Total

10
9

17
36

10
9

17
36

Sugar
Total

10
9

17
36

10
9

17
36

Weight

39.4%
25.9%
34.7%

100.0%

34.7%
30.9%
34.4%

100.0%

Mean Difference
IV, Random, 95% CI

-0.02 [-0.56 , 0.52]
-0.20 [-1.34 , 0.94]

1.20 [0.46 , 1.94]
0.36 [-0.52 , 1.24]

-0.02 [-0.32 , 0.28]
-0.20 [-0.82 , 0.42]

1.20 [0.86 , 1.54]
0.34 [-0.57 , 1.26]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours NNS Favours sugar

 
 

Analysis 4.2.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 2: Body weight (kg)

Study or Subgroup

4.2.1 Correlation coefficient: 0
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.10, df = 2 (P = 0.95); I² = 0%
Test for overall effect: Z = 0.03 (P = 0.97)

4.2.2 Correlation coefficient: 0.8
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.47, df = 2 (P = 0.79); I² = 0%
Test for overall effect: Z = 0.08 (P = 0.94)

MD

0
0
0

0
0
0

SE

3.403528
4.103657
2.79548

1.538831
1.843909
1.250365

NNS
Total

10
9

17
36

10
9

17
36

Sugar
Total

10
9

17
36

10
9

17
36

Weight

31.5%
21.7%
46.8%

100.0%

31.1%
21.7%
47.2%

100.0%

Mean Difference
IV, Random, 95% CI

0.80 [-5.87 , 7.47]
-0.60 [-8.64 , 7.44]
-0.40 [-5.88 , 5.08]
-0.06 [-3.81 , 3.68]

0.80 [-2.22 , 3.82]
-0.60 [-4.21 , 3.01]
-0.40 [-2.85 , 2.05]
-0.07 [-1.75 , 1.61]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours NNS Favours sugar

 
 

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

75



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 4.3.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 3: Total cholesterol (mg/dL)

Study or Subgroup

4.3.1 Correlation coefficient: 0
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.74, df = 2 (P = 0.69); I² = 0%
Test for overall effect: Z = 0.12 (P = 0.91)

4.3.2 Correlation coefficient: 0.8
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 23.87; Chi² = 3.27, df = 2 (P = 0.19); I² = 39%
Test for overall effect: Z = 0.31 (P = 0.76)

MD

0
0
0

0
0
0

SE

16.53453
10.93658
12.61024

8.045573
4.890989
5.908168

NNS
Total

10
9

17
36

10
9

17
36

Sugar
Total

10
9

17
36

10
9

17
36

Weight

20.0%
45.7%
34.4%

100.0%

22.9%
42.5%
34.6%

100.0%

Mean Difference
IV, Random, 95% CI

-13.15 [-45.56 , 19.26]
3.85 [-17.59 , 25.29]
0.00 [-24.72 , 24.72]

-0.87 [-15.35 , 13.62]

-13.15 [-28.92 , 2.62]
3.85 [-5.74 , 13.44]

0.00 [-11.58 , 11.58]
-1.38 [-10.21 , 7.46]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours NNS Favours sugar

 
 

Analysis 4.4.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 4: HDL cholesterol (mg/dL)

Study or Subgroup

4.4.1 Correlation coefficient: 0
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 2 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.34 (P = 0.73)

4.4.2 Correlation coefficient: 0.8
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.06, df = 2 (P = 0.97); I² = 0%
Test for overall effect: Z = 0.71 (P = 0.48)

MD

0
0
0

0
0
0

SE

8.243349
5.495566
4.527563

4.343422
2.553171
2.024788

NNS
Total

10
9

17
36

10
9

17
36

Sugar
Total

10
9

17
36

10
9

17
36

Weight

15.2%
34.3%
50.5%

100.0%

11.8%
34.1%
54.2%

100.0%

Mean Difference
IV, Random, 95% CI

-1.94 [-18.10 , 14.22]
-1.16 [-11.93 , 9.61]
-0.80 [-9.67 , 8.07]
-1.10 [-7.40 , 5.21]

-1.94 [-10.45 , 6.57]
-1.16 [-6.16 , 3.84]
-0.80 [-4.77 , 3.17]
-1.06 [-3.98 , 1.86]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours NNS Favours sugar
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Analysis 4.5.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 5: LDL cholesterol (mg/dL)

Study or Subgroup

4.5.1 Correlation coefficient: 0
Cooper 1988

4.5.2 Correlation coefficient: 0.8
Cooper 1988

MD

0

0

SE

12.03549

5.490634

NNS
Total

17

17

Sugar
Total

17

17

Mean Difference
IV, Fixed, 95% CI

1.20 [-22.39 , 24.79]

1.20 [-9.56 , 11.96]

Mean Difference
IV, Fixed, 95% CI

-200 -100 0 100 200
Favours NNS Favours sugar

 
 

Analysis 4.6.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 6: Triglycerides (mg/dL)

Study or Subgroup

4.6.1 Correlation coefficient: 0
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 2 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.16 (P = 0.87)

4.6.2 Correlation coefficient: 0.8
Chantelau 1985
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 2 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.32 (P = 0.75)

MD

0
0
0

0
0
0

SE

10.09932
51.64737
28.88036

5.163823
28.00893
12.91569

NNS
Total

10
9

17
36

10
9

17
36

Sugar
Total

10
9

17
36

10
9

17
36

Weight

86.2%
3.3%

10.5%
100.0%

83.8%
2.8%

13.4%
100.0%

Mean Difference
IV, Random, 95% CI

-1.78 [-21.57 , 18.01]
0.00 [-101.23 , 101.23]

0.00 [-56.60 , 56.60]
-1.53 [-19.91 , 16.84]

-1.78 [-11.90 , 8.34]
0.00 [-54.90 , 54.90]
0.00 [-25.31 , 25.31]
-1.49 [-10.75 , 7.77]

Mean Difference
IV, Random, 95% CI

-200 -100 0 100 200
Favours NNS Favours sugar
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Analysis 4.7.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 7: Fasting blood glucose levels (mg/dL)

Study or Subgroup

4.7.1 Correlation coefficient: 0
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.96); I² = 0%
Test for overall effect: Z = 0.30 (P = 0.76)

4.7.2 Correlation coefficient: 0.8
Colagiuri 1989
Cooper 1988
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.93); I² = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

MD

0
0

0
0

SE

36
18.8761

17.3399
8.481801

NNS
Total

9
17
26

9
17
26

Sugar
Total

9
17
26

9
17
26

Weight

21.6%
78.4%

100.0%

19.3%
80.7%

100.0%

Mean Difference
IV, Random, 95% CI

-3.60 [-74.16 , 66.96]
-5.40 [-42.40 , 31.60]
-5.01 [-37.78 , 27.75]

-3.60 [-37.59 , 30.39]
-5.40 [-22.02 , 11.22]
-5.05 [-19.99 , 9.88]

Mean Difference
IV, Random, 95% CI

-200-100 0 100 200
Favours NNS Favours sugar

 
 

Analysis 4.8.   Comparison 4: Sensitivity analysis: NNS versus
sugar, Outcome 8: Postprandial blood glucose levels (mg/dL)

Study or Subgroup

4.8.1 Correlation coefficient: 0
Chantelau 1985

4.8.2 Correlation coefficient: 0.8
Chantelau 1985

MD

0

0

SE

23.48297

10.51713

NNS
Total

10

10

Sugar
Total

10

10

Mean Difference
IV, Fixed, 95% CI

11.90 [-34.13 , 57.93]

11.90 [-8.71 , 32.51]

Mean Difference
IV, Fixed, 95% CI

-200 -100 0 100 200
Favours NNS Favours sugar

 
 

Analysis 4.9.   Comparison 4: Sensitivity analysis: NNS versus sugar, Outcome 9: Serum insulin (microunits/mL)

Study or Subgroup

4.9.1 Correlation coefficient: 0
Cooper 1988

4.9.2 Correlation coefficient: 0.8
Cooper 1988

MD

0

0

SE

2.566236

1.162032

NNS
Total

17

17

Sugar
Total

17

17

Mean Difference
IV, Fixed, 95% CI

0.80 [-4.23 , 5.83]

0.80 [-1.48 , 3.08]

Mean Difference
IV, Fixed, 95% CI

-50 -25 0 25 50
Favours NNS Favours sugar
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A D D I T I O N A L   T A B L E S
 

Sweetener FDA (mg/kg body weight)
(FDA 2015a)

SCF/EFSA (mg/kg body
weight) (Mortensen
2006)

JECFA (mg/kg body
weight) (JECFA 2010)

ACE-K 15 9 15

Advantame 32.8 5 5

Aspartame 50 40 40

Cyclamate Not approved 7 11

Luo han guo fruit extracts Not specified Not specified Not specified

Neohesperidine DC Not approved 5 Not evaluated

Neotame 0.3 2 2

Saccharin 15 5 5

Sucralose 5 15 15

Steviol glycosides 4 4 4

Thaumatin Not approved Not specified Not specified

Table 1.   Acceptable daily intake levels of non-nutritive sweeteners as defined by regulatory bodies 

ACE-K: acesulfame potassium; DC: dihydrochalcone; EFSA: European Food Safety Authority;FDA: US Food and Drug Administration; JECFA:
Joint FAO/WHO Expert Committee on Food Additives; SCF: Scientific Committee on Food (European Commission).
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8
0

Trial ID (tri-
al design)

Intervention(s) and com-
parator(s)

Description of power and
sample size calculation

Screened/
eligible (N)

Ran-
domised
(N)

Analysed
(primary
outcome)
(N)

Finishing
trial (N)

Ran-
domised
finishing
trial (%)

Follow-up

I: Splenda 1.5 g 3 times a day,
dissolved in 125 to 250 mL
water

253 184a 119 -

C: D-tagatose 15 g 3 times a
day, dissolved in 125 to 250
mL water

- -

241 172a 85 -

Ensor 2015
(parallel
RCT)

  494 356 204 41.3

12 months

I: steviol glycoside capsules
250 mg 3 times a day (92%
purity)

- 8 + 15b 23b -

C: placebo capsules 3 times a
day

"Power analysis were also
conducted to determine
whether the samples were
large enough to allow for
the detection of a clinically
significant change between
baseline and post treatment
levels within the control
and treatment groups. A
clinically significant differ-
ence was defined based on
the range of 'normal' values
for each of the parameters
considered."

-

- 8 + 15b 23b -

Barriocanal
2008

(parallel
RCT)

total: 53 46 46 86.8

3 months

I: rebaudioside A 250 mg 4
times a day in capsules (97%
purity)

60 60 58 96.7

C: placebo capsules 4 times
a day (microcrystalline cellu-
lose)

"The study was designed
to provide 90% power (α =
0.05, two-sided) to detect a
0.5% difference in HbA1c re-
sponse between treatment
groups, assuming a stan-
dard deviation of 0.8%."

175

62 62 58 93.5

Maki 2008

(parallel
RCT)

total: 122 122 116 95.1

16 weeks

Table 2.   Overview of trial populations 
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1

I: sucralose 667 mg daily in
capsules

67 65c 63 94

C: placebo (cellulose) cap-
sules

"The number of subjects
was based on achieving at
least 90% power to detect
a 0.6 treatment group dif-
ference in percent HbA1c
change from baseline. Post-
study analysis showed that
the study provided more
than 99.99% power to de-
tect this difference, and
more than 90% to detect a
difference of 0.3."

-

69 68c 65 94.2

Grotz 2003

(parallel
RCT)

total: 136 133c 128 94.1

17 weeks

I: aspartame 162 mg daily,
added to the usual diet

- 9 9 -

C: sucrose 45 g daily, added to
the usual diet

- -

- 9 9 -

Colagiuri
1989

(cross-over
RCT)

total: 9 9 9 100

6 weeks

I: saccharin and starch 30 g
daily, added to the usual diet

17 17 17 100

C: sucrose 28 g daily, added to
the usual diet

- -

17 17 17 100

Cooper 1988

(cross-over
RCT)

total: 17 17 17 100

6 weeks

I: sodium-cyclamate, ad libi-
tum (348 ± 270 mg/day)

10 10 10 100

C: sucrose, ad libitum (24 ± 13
g/day)

- 10

10 10 10 100

Chantelau
1985

(cross-over
RCT)

total: 10 10 10 100

4 weeks

Nehrling
1985

(parallel
RCT)

I: aspartame 2.7 g daily, in
capsules

- 63 30 29 29 96.7 18 weeks

Table 2.   Overview of trial populations  (Continued)
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C: placebo (cornstarch) 1.8 g
daily in capsules

33 33 33 100

total: 63 62 62 98.4

I: aspartame 300 mg cap-
sules, 2 capsules 3 times daily
added to the usual diet

- - 36 -

C: matched placebo

- -

- - 33 -

Stern 1976

(parallel
RCT)

total: 75 - 69 92

13 weeks

All interventions 437 d 364 e

All comparators 432 d 333 e

Grand total

All interventions and com-
parators

 

979 d

 

661 e

 

Table 2.   Overview of trial populations  (Continued)

-: denotes not reported
C: comparator; HbA1c: glycosylated haemoglobin A1c; I: intervention; RCT: randomised controlled trial.
aWe provided numbers for the intention-to-treat analysis. Authors also performed a per-protocol analysis, with 119 participants in the Splenda and 85 in the tagatose group.
bThis trial included participants with type 1 and type 2 diabetes and participants without diabetes. We only reported on participants with type 1 and type 2 diabetes.
cFor the two primary outcomes of the trial, the number of participants included in the analyses was reported only for fasting plasma glucose, but not for HbA1c values.
dNot all trials described the number of participants randomised to each intervention/comparator group, therefore the numbers do not add up correctly.
eThere are cross-over trials amongst the included trials, therefore the numbers do not add up correctly.
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A P P E N D I C E S

Appendix 1. Search strategies

 

MEDLINE (Ovid SP)

1. Non-Nutritive Sweeteners/

2. ((non nutritive or nonnutritive) adj3 sweetener*).mp.

3. ((high intensity or intense or high potency) adj3 sweetener*).mp.

4. ((non calori* or noncalori* or low calori* or lowcalori*) adj3 sweetener*).mp.

5. ((non sugar or nonsugar or artificial or natural) adj3 sweetener*).mp.

6. sugar substitute*.mp.

7. Aspartame/

8. (aspartam* or NutraSweet).mp.

9. Saccharin/

10. saccharin*.mp.

11. (trichlorosucrose or sucralose or Splenda).mp.

12. Stevia/

13. (stevi* or sweetleaf* or rebiana* or rebaudioside*).mp.

14. Cyclamates/

15. (cyclamate* or cyclamic acid).mp.

16. (acesulfam* or acetosulfam*).mp.

17. advantame.mp.

18. "luo han guo" or siraita or mogroside*.mp.

19. neohesperi*.mp.

20. neotame.mp.

21. thaumatin.mp.

22. or/1-21

23. exp Diabetes Mellitus/

24. diabet*.mp.

25. (IDDM or NIDDM or MODY or T1DM or T2DM or T1D or T2D).mp.

26. or/23-25

27. 22 and 26

28. ..dedup 27

Cochrane Central Register of Controlled Trials (Cochrane Register of Studies Online)

 

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

83



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

1. MESH DESCRIPTOR Non-Nutritive Sweeteners

2. ((non nutritive or nonnutritive) ADJ3 sweetener*):TI,AB,KY

3. ((high intensity or intense or high potency) ADJ3 sweetener*):TI,AB,KY

4. ((non calori* or noncalori* or low calori* or lowcalori*) ADJ3 sweetener*):TI,AB,KY

5. ((non sugar or nonsugar or artificial or natural) ADJ3 sweetener*):TI,AB,KY

6. sugar substitute*:TI,AB,KY

7. MESH DESCRIPTOR Aspartame

8. (aspartam* or NutraSweet):TI,AB,KY

9. MESH DESCRIPTOR Saccharin

10. saccharin*:TI,AB,KY

11. (trichlorosucrose or sucralose or Splenda):TI,AB,KY

12. MESH DESCRIPTOR Stevia

13. (stevi* or sweetleaf* or rebiana* or rebaudioside*):TI,AB,KY

14. MESH DESCRIPTOR Cyclamates

15. (cyclamate* or cyclamic acid):TI,AB,KY

16. (acesulfam* or acetosulfam*):TI,AB,KY

17. advantame:TI,AB,KY

18. "luo han guo" or siraita or mogroside*:TI,AB,KY

19. neohesperi*:TI,AB,KY

20. neotame:TI,AB,KY

21. thaumatin:TI,AB,KY

22. #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19
OR #20 OR #21

23. MESH DESCRIPTOR Diabetes Mellitus EXPLODE ALL TREES

24. diabet*:TI,AB,KY

25. (IDDM or NIDDM or MODY or T1DM or T2DM or T1D or T2D):TI,AB,KY

26. #22 OR #23 OR #24

27. #22 AND #26

ICTRP Search Portal (Standard search)

diabet* AND aspartam* OR

diabet* AND saccharin* OR

diabet* AND trichlorosucrose* OR

diabet* AND sucralose* OR

diabet* AND stevi* OR

  (Continued)

Non-nutritive sweeteners for diabetes mellitus (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

84



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

diabet* AND sweetleaf* OR

diabet* AND rebiana* OR

diabet* AND rebaudioside* OR

diabet* AND cylcamate* OR

diabet* AND cyclamic* OR

diabet* AND acesulfam* OR

diabet* AND acetosulfam* OR

diabet* AND advantam* OR

diabet* AND luo han guo OR

diabet* AND siraita OR

diabet* AND mogroside* OR

diabet* AND neohesperi* OR

diabet* AND neotame* OR

diabet* AND thaumatin* OR

diabet* AND sweetener* OR

diabet* AND sugar substitute*

ClinicalTrials.gov (Expert search)

(sweeteners OR sweetener OR "sugar substitute" OR "sugar substitutes" OR aspartame OR NutraSweet OR saccharin OR trichloro-
sucrose OR sucralose OR Splenda OR stevia OR steviol OR stevioside OR sweetleaf OR rebiana OR rebaudioside OR cyclamate OR cy-
clamates OR "cyclamic acid" OR acesulfam OR acesulfame OR acetosulfam OR acetosulfame OR advantame OR "luo han guo" OR
mogroside OR siraita OR neohesperidin OR neotame OR thaumatin) AND (diabetes OR diabetic OR IDDM OR NIDDM OR MODY OR
T1DM OR T2DM OR T1D OR T2D)

Scopus (www.scopus.com)

TITLE-ABS-KEY ( "non nutritive sweetener*" OR "nonnutritive sweetener*" OR "high intensity sweetener*" OR "intense sweetener*" OR
"high potency sweetener*" OR "non calori* sweetener*" OR "noncalori* sweetener*" OR "low calori* sweetener*" OR "lowcalori* sweet-
ener*" OR "non sugar sweetener*" OR "nonsugar sweetener*" OR "artificial sweetener*" OR "natural sweetener*" OR "sugar substi-
tute*" OR aspartam* OR nutrasweet OR saccharin* OR trichlorosucrose OR sucralose OR splenda OR stevi* OR sweetleaf* OR rebiana*
OR rebaudioside* OR cyclamate* OR "cyclamic acid*" OR acesulfam* OR acetosulfam* OR advantame OR "luo han guo" OR mogroside
OR siraita OR neohesperi*din OR neotame OR thaumatin ) AND TITLE-ABS-KEY ( diabetes OR diabetic OR iddm OR niddm OR mody OR
t1dm OR t2dm OR t1d OR t2d )

  (Continued)

 

Appendix 2. Assessment of risk of bias

 

'Risk of bias' domains

Random sequence generation (selection bias due to inadequate generation of a randomised sequence)

For each included trial, we described the method used to generate the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.
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• Low risk of bias: the trial authors achieved sequence generation using computer-generated random numbers or a random numbers
table. Drawing of lots, tossing a coin, shuffling cards or envelopes, and throwing dice are adequate if this was performed by an
independent person who was not otherwise involved in the trial. We considered the use of the minimisation technique as equivalent
to being random.

• Unclear risk of bias: insufficient information about the sequence generation process.

• High risk of bias: the sequence generation method was non-random or quasi-random (e.g. sequence generated by odd or even date
of birth; sequence generated by some rule based on date (or day) of admission; sequence generated by some rule based on hospital
or clinic record number; allocation by judgement of the clinician; allocation by preference of the participant; allocation based on
the results of a laboratory test or a series of tests; or allocation by availability of the intervention).

Allocation concealment (selection bias due to inadequate concealment of allocation prior to assignment)

We described for each included trial the method used to conceal allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in advance of or during recruitment, or changed after assignment.

• Low risk of bias: central allocation (including telephone, interactive voice-recorder, web-based and pharmacy-controlled randomi-
sation); sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes.

• Unclear risk of bias: insufficient information about the allocation concealment.

• High risk of bias: used an open random allocation schedule (e.g. a list of random numbers); assignment envelopes used without
appropriate safeguards; alternation or rotation; date of birth; case record number; any other explicitly unconcealed procedure.

We also evaluated trial baseline data to incorporate assessment of baseline imbalance into the 'Risk of bias' judgement for selection
bias (Corbett 2014). Chance imbalances may also affect judgements on the risk of attrition bias. In the case of unadjusted analyses,
we distinguished between trials that we rated as being at low risk of bias on the basis of both randomisation methods and baseline
similarity, and trials we judged as being at low risk of bias on the basis of baseline similarity alone (Corbett 2014). We will reclassify
judgements of unclear, low, or high risk of selection bias as specified in Appendix 3.

Blinding of participants and study personnel (performance bias due to knowledge of the allocated interventions by partici-
pants and personnel during the trial)

We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-re-
ported, investigator-assessed, or adjudicated outcome measures (see below).

• Low risk of bias: blinding of participants and key study personnel was ensured, and it was unlikely that the blinding could have been
broken; no blinding or incomplete blinding, but we judged that the outcome was unlikely to have been influenced by lack of blinding.

• Unclear risk of bias: insufficient information about the blinding of participants and study personnel; the trial does not address this
outcome.

• High risk of bias: no blinding or incomplete blinding, and the outcome was likely to have been influenced by lack of blinding; blinding
of trial participants and key personnel attempted, but it is likely that the blinding could have been broken, and the outcome was
likely to have been influenced by lack of blinding.

Blinding of outcome assessment (detection bias due to knowledge of the allocated interventions by outcome assessment)

We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-re-
ported, investigator-assessed, or adjudicated outcome measures (see below).

• Low risk of bias: blinding of outcome assessment is ensured, and it was unlikely that the blinding could have been broken; no blinding
of outcome assessment, but we judged that the outcome measurement was unlikely to have been influenced by lack of blinding.

• Unclear risk of bias: insufficient information about the blinding of outcome assessors; the trial did not address this outcome.

• High risk of bias: no blinding of outcome assessment, and the outcome measurement was likely to have been influenced by lack of
blinding; blinding of outcome assessment, but it is likely that the blinding could have been broken, and the outcome measurement
was likely to have been influenced by lack of blinding.

Incomplete outcome data (attrition bias due to amount, nature, or handling of incomplete outcome data)

For each included trial and/or each outcome, we described the completeness of data, including attrition and exclusions from the
analyses. We stated whether the trial reported attrition and exclusions, and report the number of participants included in the analy-
sis at each stage (compared with the number of randomised participants per intervention/comparator groups). We also noted if the
trial reported the reasons for attrition or exclusion and whether missing data were balanced across groups or were related to out-
comes. We considered the implications of missing outcome data per outcome such as high dropout rates (e.g. above 15%) or dis-
parate attrition rates (e.g. difference of 10% or more between trial arms).
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• Low risk of bias: no missing outcome data; reasons for missing outcome data unlikely to be related to true outcome (for survival data,
censoring is unlikely to introduce bias); missing outcome data balanced in numbers across intervention groups, with similar reasons
for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with observed event
risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data, plausible
effect size (mean difference or standardised mean difference) amongst missing outcomes was not enough to have a clinically rele-
vant impact on observed effect size; appropriate methods, such as multiple imputation, were used to handle missing data.

• Unclear risk of bias: insufficient information to assess whether missing data in combination with the method used to handle missing
data was likely to induce bias; the trial did not address this outcome.

• High risk of bias: reason for missing outcome data was likely to be related to true outcome, with either an imbalance in numbers or
reasons for missing data across intervention groups; for dichotomous outcome data, the proportion of missing outcomes compared
with observed event risk was enough to induce clinically relevant bias in the intervention effect estimate; for continuous outcome
data, plausible effect size (mean difference or standardised mean difference) amongst missing outcomes was enough to induce
clinically relevant bias in observed effect size; 'as-treated' or similar analysis done with substantial departure of the intervention
received from that assigned at randomisation; potentially inappropriate application of simple imputation.

Selective reporting (reporting bias due to selective outcome reporting)

We assessed outcome reporting bias by integrating the results of Appendix 9 'Matrix of trial endpoints (publications and trial docu-
ments)' (Boutron 2014; Jones 2015; Mathieu 2009), with those of Appendix 10 'High risk of outcome reporting bias according to the
Outcome Reporting Bias In Trials (ORBIT) classification' (Kirkham 2010). This analysis formed the basis for the judgement of selective
reporting.

• Low risk of bias: the trial protocol was available, and all the trial's prespecified (primary and secondary) outcomes that were of
interest to this review were reported in the prespecified way; the study protocol was unavailable, but it was clear that the published
reports included all expected outcomes (ORBIT classification).

• Unclear risk of bias: insufficient information about selective reporting.

• High risk of bias: not all the trial's prespecified primary outcomes were reported; one or more primary outcomes were reported
using measurements, analysis methods, or subsets of the data (e.g. subscales) that were not prespecified; one or more reported
primary outcomes were not prespecified (unless clear justification for their reporting was provided, such as an unexpected adverse
effect); one or more outcomes of interest in the Cochrane Review were reported incompletely so that we cannot enter them in a
meta-analysis; the trial report failed to include results for a key outcome that would have been expected to have been reported for
such a trial (ORBIT classification).

Other bias

• Low risk of bias: the trial appears to be free of other sources of bias.

• Unclear risk of bias: there was insufficient information to assess whether an important risk of bias existed; insufficient rationale or
evidence that an identified problem introduced bias.

• High risk of bias: the trial had a potential source of bias related to the specific trial design used; the trial was claimed to be fraudulent;
or the trial had some other serious problem.

  (Continued)

 

Appendix 3. Selection bias decisions

 

Selection bias decisions for trials reporting unadjusted analyses: comparison of results obtained using method details alone

with results using method details and trial baseline informationa

Reported randomi-
sation and alloca-
tion concealment
methods

'Risk of bias'
judgementusing
methods reporting

Information gained from study characteristics data Risk of bias using
baseline informa-
tion and methods
reporting

Unclear methods Unclear risk Baseline imbalances present for important prognostic vari-
able(s)

High risk
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Groups appear similar at baseline for all important prognostic
variables

Low risk

Limited or no baseline details Unclear risk

Baseline imbalances present for important prognostic vari-
able(s)

Unclear risk b

Groups appear similar at baseline for all important prognostic
variables

Low risk

Limited baseline details, showing balance in some important

prognostic variablesc

Low risk

Would generate a
truly random sam-
ple, with robust allo-
cation concealment

Low risk

No baseline details Unclear risk

Baseline imbalances present for important prognostic vari-
able(s)

High risk

Groups appear similar at baseline for all important prognostic
variables

Low risk

Limited baseline details, showing balance in some important

prognostic variablesc

Unclear risk

Sequence is not truly
randomised, or allo-
cation concealment
is inadequate

High risk

No baseline details High risk

aTaken from Corbett 2014; judgements highlighted in bold indicate situations in which the addition of baseline assessments would
change the judgement about risk of selection bias, compared with using methods reporting alone.
bImbalance identified that appears likely to be due to chance.
cDetails for the remaining important prognostic variables are not reported.
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Appendix 4. Descriptions of participants

 

Trial ID    

Inclusion criteria • Type 2 diabetes mellitus, diagnosed according to WHO criteria

• Male or female

• Age: 18 to 75

• Treated with diet and exercise alone (no medication for diabetes)

• HbA1c 6.6% to 9.0%

• Fasting glucose < 240 mg/dL (13.3 mmol/L)

• BMI ≤ 45 kg/m2

• Stable weight (±10%) for 3 months prior to study entry

Ensor 2015

Exclusion criteria • Treatment with sulfonylureas or other antidiabetic medications (e.g. thia-
zolidinediones, metformin, acarbose, exenatide, or insulin) within the last 3
months

• > 14 days systemic glucocorticoid treatment within the last 4 weeks

• Use of any weight loss drugs within the prior 3 months

• Proliferative retinopathy

• Known or suspected abuse of alcohol or narcotics
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• Experience with hypoglycaemic unconsciousness

• Impaired hepatic, renal, or cardiac function

• Uncontrolled hypertension

• Pregnancy, breastfeeding, planned pregnancy, using inadequate contracep-
tion

• Documented gastrointestinal disease, medications altering gut motility or
absorption

• Treatment with any investigational drug within 30 days

Diagnostic criteria According to WHO criteria

Inclusion criteria For Group 1

• Type 1 diabetes mellitus

• Male and female

• Age: 20 to 60 years

• Diabetes duration > 5 years

• Normotensive or hypertensive under treatment

• HbA1c < 10%

• BMI: 20 to 35 kg/m2

For Group 2

• Type 2 diabetes mellitus

• Male and female

• Age: 40 to 70 years

• Diabetes onset at age > 30 years

• Diabetes duration > 1 year and < 10 years

• Treated with diet and/or oral antidiabetic agents

• Normotensive or hypertensive under treatment

• HbA1c < 10%

• BMI: 25 to 35 kg/m2

Exclusion criteria • Participation in a clinical trial within the last 3 months

• Significant cardiovascular, psychological, neurological, renal, or endocrine
disease (apart from diabetes)

• Alcohol or drug abuse

• Acute illness

• Fasting glucose levels < 70 mg/dL or > 200 mg/dL

• BP ≥ 170/110 mmHg on the day of the experiment

• HbA1c ≥ 10%

• Pregnancy

• Treatment with glucocorticoids and treatment with insulin (except for Group
1)

• Established renal disease

Barriocanal 2008

Diagnostic criteria —

Maki 2008 Inclusion criteria • Type 2 diabetes mellitus, diagnosed at least 1 year prior to screening

• Men and women

• Age: 18 to 74 years

• HbA1c ≤ 9.0% at screening

• Have been treated for ≥ 12 weeks with stable dose(s) of 1 to 3 oral hypogly-
caemic agents, basal insulin (intermediate or long-acting injections that pro-
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vide a steady, low level of insulin throughout the day and night), or a combi-
nation of basal insulin plus 1 to 3 oral hypoglycaemic agents

• BMI: 25 to 45 kg/m2

• Be willing to maintain their habitual diets and physical activity patterns, and
have no plans to change their smoking habits during the study period

Exclusion criteria • Significant renal, pulmonary, hepatic, or biliary disease

• Recent history of a cardiovascular event or revascularisation procedure

• Any gastrointestinal condition that could potentially interfere with the ab-
sorption of the study product

• Resting seated systolic blood pressure ≥ 160 mmHg or diastolic blood pres-
sure ≥ 100 mmHg

• Women of childbearing potential, unwilling to use a medically approved form
of contraception, pregnancy, lactation, or planned pregnancy

Diagnostic criteria —

Inclusion criteria • Type 2 diabetes for ≥ 1 year

• Age: 31 to 70 years

• Diabetes managed with either insulin or an oral hypoglycaemic agent, but
not both

• Relatively stable diabetes

• HbA1c ≤ 10%

• Familiar with capillary blood glucose monitoring and standard diet guide-
lines for diabetes management

• General good health

Exclusion criteria —

Grotz 2003

Diagnostic criteria —

Inclusion criteria • Having well-controlled type 2 diabetes mellitus

• Compliant with the prescribed diet (a typical diet consumed by Australians
with diabetes; no added sucrose used)

• Compliant with the general requirements of diabetes management

Exclusion criteria —

Colagiuri 1989

Diagnostic criteria Based on the National Diabetes Data Group. Classification and diagnosis of di-
abetes mellitus and other categories of glucose intolerance (National Diabetes
Data Group 1979).

Inclusion criteria Type 2 diabetes mellitus outpatients

Exclusion criteria • Renal failure

• Any acute illness for more than 1 week during the study or during the last
week of each dietary period

Cooper 1988

Diagnostic criteria —

Chantelau 1985 Inclusion criteria • Type 1 diabetes mellitus

• Postabsorptive C-peptide levels < 0.2 ng/mL

• BMI < 25 kg/m2

• On continuous subcutaneous insulin infusion therapy and "liberalized diet"
for > 1 year
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• Well-controlled at the beginning of the study

Exclusion criteria —

Diagnostic criteria —

Inclusion criteria • Type 1 or type 2 diabetes

• Age: 18 to 65 years

• Fasting plasma glucose ≤ 200 mg/dL at enrolment

• On stable therapy for ≥ 1 month

Exclusion criteria —

Nehrling 1985

Diagnostic criteria Diagnosis of diabetes had been established by a fasting plasma glucose > 140
mg/dL, an abnormal oral glucose tolerance test as interpreted by the US Pub-
lic Health Service criteria, or an unequivocal history of diabetes; insulin-de-
pendent diabetes mellitus: individuals who, by history, developed ketosis or
ketoacidosis when adequate exogenous insulin was not provided; non-in-
sulin-dependent diabetes mellitus: individuals who are not on insulin and are
not ketotic or who, if on insulin, have no history of ketoacidosis

Inclusion criteria • Type 2 diabetes

• Age: 21 to 70 years

• Diabetes managed by diet or oral hypoglycaemic agents, or both

• Not receiving insulin

• Individuals with tests (complete blood count, pregnancy test, partial throm-
boplastin time, BUN, creatinine, bilirubin, plasma phenylalanine, plasma ty-
rosine) within normal limits

Exclusion criteria —

Stern 1976

Diagnostic criteria —

—: denotes not reported

BMI: body mass index; BP: blood pressure; BUN: blood urea nitrogen; DPP: dipeptidyl peptidase; GLP: glucagon-like peptide; HbA1c:
glycosylated haemoglobin A1c; WHO: World Health Organization.

  (Continued)

 

Appendix 5. Description of interventions*

 

Trial ID Ensor 2015

Brief name Sucralose (Splenda) or tagatose dissolved in water 3 times a day

Recipient Participants with type 2 diabetes

Why "D-tagatose provides glycemic and lipoprotein control through a mechanism of action unlike any
agent that is currently available on the market in the United States."

What (materials) Sucralose (in form of Splenda) 1.5 g or tagatose 15 g, 3 times a day, dissolved in 125 to 250 mL of
water

What (procedures) "after the 8 week lead-in period, fasting (minimum of 8 hours) subjects returned to the study sites
and underwent medical history review followed by baseline tests" "the treatment period consist-
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ed of 12 monthly visits, the first (...) of which was used to gather the baseline data for efficacy and
safety parameters and also included the first distribution of test and placebo treatments" "subse-
quent visits occurred monthly"

Who provided "subjects continued on a weight-maintaining diet plus exercise under physician's recommenda-
tion"

How (mode of delivery; indi-
vidual or group)

"visits occurred monthly and were of two types: (1) supply visits and (2) supply and procedures vis-
its"; supply refers to the "distribution of test and placebo treatments"

Where At the "study sites"

When and how much Study products had to be taken 3 times a day for 10 months.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"Three populations were evaluated: the intention-to-treat (ITT) population consisted of all ran-
domized subjects who received at least one dose of their randomized treatment (...), the per proto-
col (PP) population consisted of all ITT subjects who had at least 80% compliance with medication
for 75% of the dosing time points and had no major protocol violations (...), the safety population
consisted of all randomized subjects who received at least one dose of their randomized treatment
and had at least one post-treatment visit evaluating safety." "Investigators were to withdraw sub-
jects from study treatment (and therefore the evaluable population for assessment of efficacy as
measured by HbA1c) after additional antidiabetic medication has been prescribed. However, sub-
jects were advised to continue the rest of the trial procedures for the assessment of safety parame-
ters."

Extent of intervention fidelity "Analysis population", sucralose vs tagatose: ITT, 72.7% vs 71.4%; PP, 47.0% vs 35.3%; safety, 81.8%
vs 76.8%. "The ITT population was approximately evenly divided between males and females (...)
with approximately equivalent distributions in the D-tagatose and placebo" (that means sucralose)
groups

Trial ID Barriocanal 2008

Brief name Steviol glycoside or placebo capsules 3 times a day

Recipient Participants with type 1 diabetes, type 2 diabetes, and healthy controls

Why "According to the Joint FAO/WHO Expert Committee on Food Additives (JECFA 2004), consumption
of Stevia has been generally regarded as safe. However, JECFA requested additional information in
order to change the temporary accepted daily intake (ADI) of 0-2 mg/kg/day for steviol glycoside,
including the potential effects of low doses on blood glucose and blood pressure."

What (materials) Steviol glycoside capsules 250 mg 3 times a day or matching placebo. "Steviol glycoside was pro-
vided by Steviafarma Industrial S.A., Maringa, Brazil. Purity of steviol glycosides (measured three
times) was ≥ 92%"

What (procedures) "Volunteers attended the investigation centre every 2 weeks during the 3-months study period for
determination of capillary blood glucose, BP and weight. At these visits, volunteers were asked
about adverse events and the capsules were counted to check for compliance"

Who provided —

How (mode of delivery; indi-
vidual or group)

There were face-to-face visits at regular intervals: "Volunteers attended the investigation centre
every 2 weeks..."
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Where At "the investigation centre"

When and how much Capsules had to be taken 3 times a week for 3 months.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"the capsules were counted to check for compliance"

Extent of intervention fidelity "All volunteers who completed the study followed the prescribed treatment schedule throughout
the 3-month period, and degree of compliance was similar in both groups (steviol glycoside and
placebo)"

Trial ID Maki 2008

Brief name Rebaudioside A or placebo capsules 4 times a day

Recipient Men and women with type 2 diabetes

Why "The Joint Food and Agriculture Organization/World Health Organization Expert Committee on
Food Additives (JECFA) specifically requested additional studies involving repeated exposure to di-
etary and therapeutic doses of steviol glycosides in people with diabetes to help define an accept-
able intake of steviol glycosides (...). The present study, conducted as part of a clinical program de-
signed to address the question raised by the JECFA"

What (materials) "rebaudioside A (97% purity; rebiana, the common name for rebaudioside A) in 250 mg capsules
provided by Cargill, Incorporated, Wayzata, MN" or placebo (microcrystalline cellulose). "Subjects
took four capsules each day: two 250 mg capsules (rebaudioside A or placebo) with the first meal
of the day and two 250 mg capsules (rebaudioside A or placebo) with the evening meal to achieve a
daily dosage of 1000 mg"

What (procedures) "Subjects visited the clinic four times at four-week intervals during the 16-week treatment period
for laboratory assessments. Study coordinators contacted the subjects between the clinic visits at
four-week intervals beginning two weeks after randomization, to reinforce study instructions and
answer questions" "Compliance was assessed by capsule count and subject interview"

Who provided "Study coordinators contacted the subjects...."

How (mode of delivery; indi-
vidual or group)

Face-to-face visits were held every 4 weeks; between these visits another way of contact (no details
provided) was established every 4 weeks.

Where "Subjects visited the clinic..."

When and how much Four 250 mg capsules were to be taken each day, for 16 weeks.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"To be eligible for randomization, subjects were required to be at least 80% compliant with tak-
ing placebo capsules (microcrystalline cellulose) during the lead-in period." "Compliance was as-
sessed by capsule count and subject interview"
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Extent of intervention fidelity "Mean study product compliance in the rebaudioside A and placebo groups was 96.3% and 100%,
respectively (p = 0.207)"

Trial ID Grotz 2003

Brief name Sucralose or placebo capsules

Recipient Men and women with type 2 diabetes

Why "Consumption of sucralose is expected in those with diabetes, who often use non-nutritive sweet-
eners to reduce their intake of refined sugars (Toeller 1993). Moreover, mean sucralose consump-
tion may be more in this population..."

What (materials) "Subjects received two capsules per day of either placebo or sucralose (McNeil Specialty Products
Company, New Brunswick, NJ), to be taken at breakfast and dinnertime for the next 13 weeks. The
daily sucralose does was 667 mg."

What (procedures) "Test material compliance was checked by pill count and by qualitative measurement of sucralose
in urine samples collected once every 2 weeks beginning 2 weeks before the test phase. During the
test phase, subjects were seen at least once every 2 weeks for HbA1c, fasting plasma glucose, and
fasting serum C-peptide assessment. Additionally, any adverse events or changes in medications,
including antidiabetic ones, were recorded"

Who provided —

How (mode of delivery; indi-
vidual or group)

Face-to-face meetings were held every 2 weeks during the intervention period.

Where At "five US medical centers"

When and how much 2 capsules were to be taken each day, for 13 weeks.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

The "4-week placebo-blind run-in period was designed to help distance from the actual test phase
of the study any nontreatment effects that might occur with test phase initiation, such as possible
changes in dietary behaviors. Baseline blood glucose homeostasis measures were taken at the end
of the 4-week placebo run-in..." "Test material compliance was checked by pill count and by quali-
tative measurement of sucralose in urine samples collected once every 2 weeks beginning 2 weeks
before the test phase"

Extent of intervention fidelity "More than 96% of subjects in both groups were considered compliant based on capsule counts
and the results of the qualitative assays for sucralose in collected urine samples"

Trial ID Colagiuri 1989

Brief name Aspartame or sucrose added to the usual diet

Recipient Men and women with type 2 diabetes

Why "The use of sweetening agents by diabetic individuals is common. A survey of our diabetic clinic
population showed that 65% regularly use these products. (...) Medium-term studies that have ex-
amined the addition of sucrose to the diet of noninsulin-dependent diabetes mellitus (NIDDM) sub-
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jects for periods of 2-6 wk have produced conflicting results (Coulston 1985; Peterson 1986; Bantle
1986; Coulston 1987)"

What (materials) "Subjects were randomly allocated to one of two groups. 1) Sucrose (45 g) was added to the usu-
al diet. The three main meals were supplemented with 10 g sucrose, and 5 g sucrose was added to
the midmorning, mid afternoon, and supper tea or coffee. 2) Aspartame (162 mg) was added to the
usual diet. ... Each of the three main meals was supplemented with 36 mg aspartame, and 18 mg
aspartame was added to the between-meal beverages". "The sucrose and aspartame were packed
in plain sachets labelled A or B according to a code. Each sachet contained 5 g sucrose or 18 mg of
aspartame (Equal®, Searle Laboratories, Crows Nest, New South Wales, Australia) bulked to 0.5 g
with lactose"

What (procedures) "Subjects remained in each group for 6 wk and then transferred to the comparative treatment
group for a further 6 wk. The subject's ability to comply with the study requirements was assessed
regularly throughout both dietary periods."

Who provided —

How (mode of delivery; indi-
vidual or group)

—

Where —

When and how much In the sucrose group the 3 main meals were supplemented with 10 g sucrose, and 5 g sucrose was
added to the mid-morning, mid-afternoon, and supper tea or coffee. In the aspartame group each
of the 3 main meals was supplemented with 36 mg aspartame, and 18 mg aspartame was added to
the between-meal beverages.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

—

Extent of intervention fidelity —

Trial ID Cooper 1988

Brief name Saccharin and starch or sucrose

Recipient Men and women with type 2 diabetes

Why "The effects of using moderate amounts of sucrose as a sweetener for non-insulin-dependent dia-
betic patients who are consuming their usual 'diabetic diets' at home are unknown."

What (materials) "The usual diet of each patient was supplemented daily with either 28 g sucrose (sucrose diet)
or saccharin and starch (saccharin diet). The saccharin and starch supplements were equivalent
to about 28 g sucrose in sweetness and energy, respectively." "The supplements were divided
amongst each of three main meals and in case of sucrose, an evening supper. The usual foods to
which the supplements were added were hot beverages, fruit juice, milk, cereals, and stewed fruit.
The test meals consisted of a standard breakfast (cereal, whole milk, wholemeal bread, polyunsat-
urated margarine, and tea, coffee or water) to which either 8 g sucrose or 1 saccharin tablet plus 10
g corn flour were added. The test meals provided 1.5 MJ (15% protein, 33% fat, 52% carbohydrate,
3.3 g fibre). The sucrose supplement was the sole source of sucrose in the test meal and it repre-
sented 8.2% of total meal energy."
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What (procedures) "Patients were visited weekly for delivery of supplements, weight recording, and encouragement
of compliance. At the beginning and end of each dietary period they visited hospital on two con-
secutive mornings for metabolic assessment with the test meals given in random order. For test
meals, patients were fasted overnight and rested throughout the experimental procedure. ... All
meal studies commenced between 0830 and 1000 h. The time taken for meal consumption was
kept constant for each patient and ranged between 8 and 15 min."

Who provided —

How (mode of delivery; indi-
vidual or group)

Face-to-face contact was established every week: "Patients were visited weekly for delivery of sup-
plements..." "At the beginning and end of each dietary period they visited hospital on two consecu-
tive mornings for metabolic assessment..."

Where "Patients were visited" in their homes and "At the beginning and end of each dietary period they
visited hospital"

When and how much 3 times a day, for 6 weeks

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"Since adherence to usual diet was an important condition of this study, it was strongly empha-
sized that there should be no change in usual eating pattern, other than by the addition of the sup-
plements. Food records were kept throughout the study"

Extent of intervention fidelity "no variation in eating patterns was detected"

Trial ID Chantelau 1985

Brief name Sodium-cyclamate or sucrose

Recipient Men and women with type 1 diabetes

Why "the potential effects of a long-term use of sucrose in Type 1 diabetes are unknown"

What (materials) "During the sucrose-period, sucrose and sucrose-sweetened foods were allowed ad libidum. The
patients were provided with a brochure listing the carbohydrate and sugar content of sucrose-con-
taining foods. The intake of sucrose-sweetened soV drinks, however, was discouraged. During the
cyclamate period, sodium cyclamate was allowed ad libidum within the limitations set up by the
World Health Organisation (JECFA 1982), i.e. not more than 11 mg/kg body weight per day." "Dur-
ing the cyclamate period, the patients were given packages of cyclamate tablets and liquids."

What (procedures) "After a 4-week run-in-period, patients were assigned to use either sucrose or sodium-cyclamate as
sweetener in random order for 4 weeks each. They were then asked to change over to sodium-cy-
clamate or sucrose, respectively, for another 4-week period." "For study purposes, patients were
asked to note the frequency and the amount of sucrose intake as assessed in common measures,
such as 'one teaspoon of sugar', 'one sugar cube', 'one Mars bar', 'one piece of Black Forest cake'
etc." "The consumption of sodium cyclamate was assessed at the end of the study period by count-
ing the tablets and measuring the liquids that were leV." "To obtain a more detailed assessment of
nutrient intake, a 3-day dietary monitoring period was carried out within each of the three observa-
tion periods."

Who provided —

How (mode of delivery; indi-
vidual or group)

Face-to-face meetings were established every second week during the intervention period.
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Where "Bi-weekly, all patients were followed up in our outpatient clinic..."

When and how much Ad libitum for 4 weeks

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"To obtain a more detailed assessment of nutrient intake, a 3-day dietary monitoring period was
carried out within each of the three observation periods."

Extent of intervention fidelity "The evaluation of the 3-day dietary monitoring revealed that nutrient intake was comparable be-
tween the three observation periods", i.e. the run-in period, the cyclamate period, and the sucrose
period, "with regard to the consumption of carbohydrates, protein and fat."

Trial ID Nehrling 1985

Brief name Aspartame or placebo capsules

Recipient Adult participants with type 1 or type 2 diabetes

Why "Recently, several anecdotal and undocumented reports in the lay press have suggested a number
of adverse reactions associated with use of aspartame. These include headaches and other neuro-
logic symptoms. The use of a placebo-controlled, double-blind experimental design allowed us to
evaluate the significance of these reports"

What (materials) "Aspartame was given in the form of capsules, each containing 0.3 g aspartame. Three capsules
were taken with each meal, for a total of 9 capsules per day (2.7 g aspartame). The placebo con-
sisted of identical capsules filled with 0.2 g corn starch." "Capsules were provided in coded bottles,
which contained either aspartame or placebo according to a randomization table"

What (procedures) "Capsules ... were assigned to subjects in sequential order. Separate sequences were used for ID-
DM and NIDDM, to insure equal numbers in each group." "Each subject had two baseline visits 1
wk apart.... Subjects started taking aspartame or placebo capsules after the second set of baseline
blood samples were drawn. During the study, each subject kept a log of capsules taken. Subjects
were asked to make up missed or forgotten capsules with the next meal, or as soon as they remem-
bered." "Return visits were scheduled after 3, 6, 9, 12, 15, 17, and 18 wk taking the capsules. At each
visit, the logs of capsules ingested were collected, the bottles of capsules collected and remaining
capsules counted, and a new bottle of capsules disbursed."

Who provided —

How (mode of delivery; indi-
vidual or group)

Face-to-face visits were held regularly: "Return visits were scheduled after 3, 6, 9, 12, 15, 17, and 18
wk taking the capsules."

Where "Subjects were recruited from clinics of the University of Illinois Hospital"

When and how much 3 times a day, for 18 weeks

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

"At each visit, the logs of capsules ingested were collected, the bottles of capsules collected and re-
maining capsules counted, and a new bottle of capsules disbursed."
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Extent of intervention fidelity "There were no serious instances of noncompliance, although a number of subjects forgot occa-
sional doses and later made up the missing doses."

Trial ID Stern 1976

Brief name Aspartame or placebo capsules

Recipient Men and women with type 2 diabetes

Why "In those persons with metabolic disorders that require limited use of sugar, such as diabetes mel-
litus, aspartame would be of special value."

What (materials) "1.8 g aspartame daily for 90 days" "Those receiving aspartame received 0.6 g three times daily for
a total of 1.8 g daily" "They were instructed to continue their usual diet and to take two capsules of
the assigned study preparation three times daily with meals."

What (procedures) —

Who provided —

How (mode of delivery; indi-
vidual or group)

—

Where —

When and how much Capsules had to be consumed 3 times daily with meals.

Tailoring NA

Modification of intervention
throughout the trial

NA

Strategies to improve or main-
tain intervention fidelity

—

Extent of intervention fidelity —

*This table is based on the TIDieR checklist (Hoffmann 2014).

—: denotes not reported

BP: blood pressure; DB: diet beverage; IDDM: insulin-dependent diabetes mellitus; ITT: intention-to-treat; JECFA: Joint FAO/WHO Ex-
pert Committee on Food Additives; NA: not applicable; NIDDM: non-insulin-dependent diabetes mellitus; PP: per protocol; TIDieR:
template for intervention description and replication; wk: week.
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Appendix 6. Baseline characteristics (I)

Trial ID Intervention(s)
and compara-
tor(s)

Duration of
interven-
tion/duration

of follow-upa

Description of partici-
pants

Trial period Country Setting Ethnic groups
(%)

Duration of dia-
betes
(mean years
(SD))

I: sucralose -Ensor 2015

C: D-tagatose

10 months/10
months

Men and women with type
2 diabetes

- India, USA Outpatients Asian: 72

Caucasian (under-
stood to be white):
12

Latino: 11

Black: 5

-

I: steviol glyco-
side

- Type 1 diabetes
patients: > 5
years; type 2 di-
abetes patients:
> 1 year and < 10
years

Barriocanal
2008

C: placebo

3 months/3
months

Men and women with type
1 diabetes, type 2 dia-
betes, and healthy partici-
pants

2005 to

2006b

Paraguay Outpatients

- Type 1 diabetes
patients: > 5
years; type 2 di-
abetes patients:
> 1 year and < 10
years

I: rebaudioside A Non-Hispanic
white: 68
African-American:
22
Hispanic: 8
Other: 2

> 1 yearMaki 2008

C: placebo

16 weeks/16
weeks

Men and women with type
2 diabetes

2006 to

2007b

USA Outpatients

Non-Hispanic
white: 73
African-American:
19
Hispanic: 6
Other: 2

> 1 year
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0
0

I: sucralose White: 76
Black: 13
Asian: 5
Hispanic: 6
Other: 0

9.3 (6.9)Grotz 2003

C: placebo

13 weeks/17
weeks

Men and women with type
2 diabetes

- USA Outpatients

White: 83
Black: 6
Asian: 3
Hispanic: 7
Other: 1

10.17 (7.7)

I: aspartame - 8.6 (5.0)Colagiuri
1989

C: sucrose

6 weeks/6
weeks

Men and women with type
2 diabetes

- Australia Outpatients

- 8.6 (5.0)

I: saccharin and
starch

- -Cooper 1988

C: sucrose

6 weeks/6
weeks

Men and women with type
2 diabetes

- Australia Outpatients

- -

I: sodium-cycla-
mate

- > 1 yearChantelau
1985

C: sucrose

4 weeks/4
weeks

Men and women with type
1 diabetes

1985 Germany Outpatients

- > 1 year

I: aspartame - -Nehrling
1985

C: placebo (corn-
starch)

18 weeks/18
weeks

Adult participants with
type 1 or type 2 diabetes

- USA Outpatients

- -

I: aspartame - -Stern 1976

C: placebo

13 weeks/13
weeks

Men and women with type
2 diabetes

- USA Outpatients

- -

-: denotes not reported

aFollow-up under randomised conditions until end of trial (= duration of intervention + follow-up postintervention or identical to duration of intervention).
bDates were not clearly stated.

C: comparator; I: intervention; SD: standard deviation.

  (Continued)
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Appendix 7. Baseline characteristics (II)

Trial ID Intervention(s) and
comparator(s)

Sex
(female %)

Age
(mean/range
years (SD))

HbA1c
(%)

BMI
(mean kg/m2
(SD))

Co-medications/Co-interventions
(% of participants)

Comorbidi-
ties
(% of partici-
pants)

I: sucralose - ≤ 25 - -Ensor 2015

C: D-tagatose

- 52/22 to 74

- ≤ 25 - -

I: steviol glycoside 52.3 25.4;

58.2a,b

7.1 (1.6)

6.8 (1.2)a

23.2 (3.3)

28.7 (3.4)a

Antihypertensive medication (-) Hypertension
(-)

Barriocanal
2008

C: placebo - - 8.2 (1.4)

6.8 (1.6)a

22.4 (1.0)

30.1 (3.3)a

Antihypertensive medication (-) Hypertension
(-)

I: rebaudioside A 46.7 59.1 (9.3) 6.7 (0.9) 33.7 (4.6) Insulin (11.7)
Sulphonylurea (33.3)
Metformin (73.3)
Thiazolidinedione (28.3)
Antihypertensive medication (56.7)
Dyslipidaemia medication (66.7)

Hypertension
(56.7)

Dyslipidaemia
(66.7)

Maki 2008

C: placebo 51.6 61.5 (8.7) 6.7 (0.8) 33.6 (4.7) Insulin (9.7)
Sulphonylurea (41.9)
Metformin (71)
Thiazolidinedione (45.2)
Antihypertensive medication (71)
Dyslipidaemia medication (62.9)

Hypertension
(71)

Dyslipidaemia
(62.9)

I: sucralose 25 57.2 (8.4) - 31.6 (5.6) Insulin (46)

Oral hypoglycaemic agent (54)

-Grotz 2003

C: placebo 33 58.0 (8.7) - 31.6 (7.6) Insulin (48)

Oral hypoglycaemic agent (52)

-

I: aspartame 11.1 65.9 (2.1) 7.2 (1.1) 26.4 (2.1) Sulphonylurea (66.6) -Colagiuri 1989

C: sucrose 11.1 65.9 (2.1) 7.2 (1.1) 26.4 (2.1) Sulphonylurea (66.6) -
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I: saccharin and
starch

64.7 62.2 (14.0) 8.1 (7.3 - 17.8) 26.0 (3.0) - -Cooper 1988

C: sucrose 64.7 62.2 (14.0) 8.1 (7.3 - 17.8) 26.0 (3.0) - -

I: sodium-cyclamate 80 25 to 43 7.55 (0.42) < 25 Insulin (100) -Chantelau
1985

C: sucrose 80 25 to 43 7.55 (0.42) < 25 Insulin (100) -

I: aspartame - - 12.0 (3.2) - - -Nehrling 1985

C: placebo (corn-
starch)

- - 10.7 (2.3) - - -

I: aspartame 82.6 21 to 70b - - Oral hypoglycaemic agent (-) -Stern 1976

C: placebo - - - - Oral hypoglycaemic agent (-) -

-: denotes not reported

aData are reported first for participants with type 1 diabetes (group 1), then for those with type 2 diabetes (group 2).
bData are available for the whole trial population only.

BMI: body mass index; C: comparator; HbA1c: glycosylated haemoglobin A1c; I: intervention; s.c.: subcutaneous; SD: standard deviation.

  (Continued)
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Appendix 8. Trial endpoints and timing of outcome measurement

 

Trial ID Review's primary and secondary outcomes Timing of outcome
measurement

HbA1c 2, 4, 6, 8, 10 months

Body weight (kg) 2, 4, 6, 8, 10 months

Adverse events 10 months

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) 2, 4, 6, 8, 10 months

Lipid profile 2, 4, 6, 8, 10 months

Glucose levels (fasting) 2, 4, 6, 8, 10 months

Serum insulin 2, 4, 6, 8, 10 months

Insulin sensitivity -

Ensor 2015

Socioeconomic effects -

HbA1c 3 months

Body weight (kg) 4, 6, 8, 10 weeks and 3
months

Adverse events 3 months

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) 3 months

Lipid profile 3 months

Glucose levels (fasting) 3 months

Serum insulin 3 months

Insulin sensitivity -

Barriocanal 2008

Socioeconomic effects -

Maki 2008 HbA1c 4, 8, 12, 16 weeks
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Body weight (kg) 12, 16 weeks

Adverse events 16 weeks

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile 12, 16 weeks

Glucose levels (fasting) 4, 8, 12, 16 weeks

Serum insulin 12, 16 weeks

Insulin sensitivity -

Socioeconomic effects -

HbA1c 2, 4, 6, 8, 10, 12, 13, 15,
17 weeks

Body weight (kg) -

Adverse events 17 weeks

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile -

Glucose levels (fasting) 2, 4, 6, 8, 10, 12, 13, 15,
17 weeks

Serum insulin -

Insulin sensitivity -

Grotz 2003

Socioeconomic effects -

HbA1c 6 weeks

Body weight (kg) 6 weeks

Adverse events -

Colagiuri 1989

Diabetes complications -

  (Continued)
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All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile 6 weeks

Glucose levels (fasting) 6 weeks

Serum insulin -

Insulin sensitivity -

Socioeconomic effects -

HbA1c 6 weeks

Body weight (kg) 6 weeks

Adverse events -

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile 6 weeks

Glucose levels (fasting) 6 weeks

Serum insulin 6 weeks

Insulin sensitivity -

Cooper 1988

Socioeconomic effects -

HbA1c 4 weeks

Body weight (kg) 4 weeks

Adverse events -

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Chantelau 1985

Lipid profile 4 weeks
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Glucose levels (postprandial) 4 weeks

Serum insulin -

Insulin sensitivity -

Socioeconomic effects -

HbA1c 9, 17, 18 weeks

Body weight (kg) -

Adverse events 18 weeks

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile -

Glucose levels (fasting and postprandial) 9, 17, 18 weeks

Serum insulin -

Insulin sensitivity -

Nehrling 1985

Socioeconomic effects -

HbA1c -

Body weight (kg) 13 weeks

Adverse events 13 weeks

Diabetes complications -

All-cause mortality -

Health-related quality of life -

Anthropometric measures other than body weight (kg) -

Lipid profile 13 weeks

Glucose levels (fasting) 4, 8, 13 weeks

Serum insulin -

Insulin sensitivity -

Stern 1976

Socioeconomic effects -

-: denotes not reported
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HbA1c: glycosylated haemoglobin A1c
  (Continued)

 

Appendix 9. Matrix of trial endpoints (publications and trial documents)

 

Trial ID Endpoints

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NCT00955747

Primary outcome measure: HbA1c

Secondary outcome measure(s): -

Other outcome measures: -

Source: CTRI/2009/091/000536

Primary outcome measure: HbA1c

Secondary outcome measure(s): body weight, lipid profile, glucose levels (fasting), serum insulin

Other outcome measures: -

Endpoints quoted in publication(s)b,c

Primary outcome measure: HbA1c, adverse events

Secondary outcome measure(s): body weight, anthropometric measures other than body weight
(kg), lipid profile (total-C, HDL, LDL, TG), glucose levels (fasting), serum insulin

Other outcome measures: -

Endpoints quoted in abstract of publication(s)b,c

Ensor 2015

Primary outcome measure: HbA1c, adverse events

Secondary outcome measure(s): anthropometric measures other than body weight (kg), lipid
profile (total-C, HDL, LDL, TG), glucose levels (fasting), serum insulin

Other outcome measures: -

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Barriocanal 2008

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, body weight (IA), adverse events, anthropometric measures
other than body weight (kg), lipid profile (total-C, HDL, LDL, TG), glucose levels (f/pp?) (IA), serum
insulin
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Endpoints quoted in abstract of publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, adverse events, glucose levels

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: HbA1c

Secondary outcome measure(s): -

Other outcome measures: body weight (kg), adverse events, lipid profile (total-C, HDL, LDL, TG),
fasting glucose levels, serum insulin

Endpoints quoted in abstract of publication(s)b,c

Maki 2008

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, body weight (kg), adverse events, lipid profile, fasting glucose
levels, serum insulin

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, fasting glucose levels (IA), adverse events

Endpoints quoted in abstract of publication(s)b,c

Grotz 2003

Primary outcome measure: HbA1c, fasting glucose levels (IA)

Secondary outcome measure(s): -

Other outcome measures: adverse events

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Colagiuri 1989

Endpoints quoted in publication(s)b,c
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Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, body weight (IA), lipid profile (total-C, HDL, TG), fasting glucose
levels (IA)

Endpoints quoted in abstract of publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c; lipid profile; fasting glucose levels; serum insulin

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, body weight (IA), lipid profile (total-C, HDL, LDL, TG), fasting
glucose levels (IA), serum insulin

Endpoints quoted in abstract of publication(s)b,c

Cooper 1988

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: lipid profile (TG), fasting glucose levels (IA), serum insulin

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, body weight (IA), lipid profile, postprandial glucose levels (IA,
SR)

Endpoints quoted in abstract of publication(s)b,c

Chantelau 1985

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures:

HbA1c, body weight, lipid profile, glucose levels (IA, SR)
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Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, adverse events, fasting glucose levels (IA), postprandial glucose
levels (IA)

Endpoints quoted in abstract of publication(s)b,c

Nehrling 1985

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: HbA1c, adverse events, fasting glucose levels, postprandial glucose
levels

Endpoints quoted in trial document(s) (ClinicalTrials.gov, FDA/EMA document, manufacturer's

website, published design paper)a,c

Source: NT

Endpoints quoted in publication(s)b,c

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: body weight (unit?), adverse events, lipid profile (total-C, TG), fasting
glucose levels

Endpoints quoted in abstract of publication(s)b,c

Stern 1976

Primary outcome measure: -

Secondary outcome measure(s): -

Other outcome measures: adverse events

  - denotes not reported
aTrial document(s) refers to all available information from published design papers and sources
other than regular publications (e.g. FDA/EMA documents, manufacturer's websites, trial registers).

bPublication(s) refers to trial information published in scientific journals (primary reference, dupli-
cate publications, companion documents, or multiple reports of a primary trial).
cPrimary and secondary outcomes refer to verbatim specifications in publication/records. Unspeci-
fied outcome measures refer to all outcomes not described as primary or secondary outcome mea-
sures.

f/pp?: not clear whether fasting or postprandial; FDA/EMA: US Food and Drug Administration/Eu-
ropean Medicines Agency; HbA1c: glycosylated haemoglobin A1c; HDL: high-density lipoprotein;
HOMA: homeostatic model assessment; IA: investigator-assessed; LDL: low-density lipoprotein;
NT: no trial documents available; SR: self-reported; TG: triglycerides; total-C: total cholesterol.
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Appendix 10. High risk of outcome reporting bias according to Outcome Reporting Bias In Trials (ORBIT)
classification

 

Trial ID Outcome High risk of
bias

(category A)a

High risk of
bias

(category D)b

High risk of
bias

(category E)c

High risk of
bias

(category G)d

Body weight Yes No No NoEnsor 2015

Anthropometric measures other
than body weight (kg)

Yes No No No

Body weight Yes No No NoBarriocanal 2008

Anthropometric measures other
than body weight (kg)

Yes No No No

Maki 2008 NA

HbA1c Yes No No NoGrotz 2003

Adverse events Yes No No No

Colagiuri 1989 NA

Cooper 1988 NA

Chantelau 1985 NA

Nehrling 1985 NA

Stern 1976 Glucose levels, fasting No No Yes No

aClear that outcome was measured and analysed; trial report stated that outcome was analysed but reported only that result was not
significant (Classification 'A', table 2, Kirkham 2010).
bClear that outcome was measured and analysed; trial report stated that outcome was analysed but reported no results ( Classifica-
tion 'D', table 2, Kirkham 2010).
cClear that outcome was measured but was not necessarily analysed; judgement says likely to have been analysed but not reported
because of non-significant results (Classification 'E', table 2, Kirkham 2010).
dUnclear whether outcome was measured; not mentioned, but clinical judgement says likely to have been measured and analysed
but not reported on the basis of non-significant results (Classification 'G', table 2, Kirkham 2010).

HbA1c: glycosylated haemoglobin A1c; NA: not applicable.

 

 

Appendix 11. Definition of endpoint measurementa

 

Study ID Endpoints Definition

All-cause mortality -Ensor 2015

Diabetes-related complications -
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HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Body weight

Socioeconomic effects -

Anthropometric measures other than body weight (kg) BMI

Lipid profile Blood lipids (total cholesterol,
HDL and LDL cholesterol, triglyc-
eride levels; IO)

Glucose levels (fasting and postprandial) Fasting blood glucose (IO)

Insulin sensitivity/serum insulin Insulin (IO)

All hypoglycaemic events Reported episodes of hypogly-
caemia (SO)

Severe/serious hypoglycaemia -

Nocturnal hypoglycaemia -

Severe/serious adverse events (specify) Incidence of SAEs

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) Waist circumference, BMI (IO)

Lipid profile Total cholesterol, HDL and LDL
cholesterol, triglycerides (IO)

Glucose levels (fasting and postprandial) Glucose (IO)

Insulin sensitivity/serum insulin Insulin (IO)

All hypoglycaemic events ND

Severe/serious hypoglycaemia ND

Nocturnal hypoglycaemia ND

Barriocanal 2008

Severe/serious adverse events (specify) ND

  (Continued)
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All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Body weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile Fasting lipids (total cholesterol,
LDL cholesterol, HDL cholesterol,
non-HDL cholesterol, triglyc-
erides) (IO)

Glucose levels (fasting and postprandial) Fasting glucose (IO)

Insulin sensitivity/serum insulin Fasting insulin (IO)

All hypoglycaemic events Frequency of hypoglycaemic
episodes

Severe/serious hypoglycaemia Severe hypoglycaemic episode:
"required assistance from anoth-
er person to actively administer
carbohydrate, glucagon, or other
resuscitative actions"

Nocturnal hypoglycaemia ND

Maki 2008

Severe/serious adverse events (specify) ND

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) -

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile -

Glucose levels (fasting and postprandial) Fasting plasma glucose (IO)

Grotz 2003

Insulin sensitivity/serum insulin -

  (Continued)
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All hypoglycaemic events ND

Severe/serious hypoglycaemia ND

Nocturnal hypoglycaemia ND

Severe/serious adverse events (specify) ND

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Body weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile Serum lipids (total and HDL cho-
lesterol and triglycerides) (IO)

Glucose levels (fasting and postprandial) Fasting concentrations of plasma
glucose (IO)

Insulin sensitivity/serum insulin Serum insulin (IO)

All hypoglycaemic events -

Severe/serious hypoglycaemia -

Nocturnal hypoglycaemia -

Colagiuri 1989

Severe/serious adverse events (specify) -

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Cooper 1988

Lipid profile Fasting triglycerides, fasting total
cholesterol, fasting LDL choles-
terol, fasting HDL cholesterol (IO)

  (Continued)
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Glucose levels (fasting and postprandial) Fasting blood glucose (IO)

Insulin sensitivity/serum insulin Fasting plasma insulin (IO)

All hypoglycaemic events -

Severe/serious hypoglycaemia -

Nocturnal hypoglycaemia -

Severe/serious adverse events (specify) -

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Body weight (kg) Body weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile Total cholesterol, HDL choles-
terol, triglycerides (IO)

Glucose levels (fasting and postprandial) Daily blood glucose readings
("self-monitoring using battery
powered reflectance meters or
reagent strips only") (SO), ran-
dom postprandial plasma glu-
cose (IO)

Insulin sensitivity/serum insulin -

All hypoglycaemic events -

Severe/serious hypoglycaemia -

Nocturnal hypoglycaemia -

Chantelau 1985

Severe/serious adverse events (specify) -

All-cause mortality -

Diabetes-related complications -

HbA1c HbA1c (IO)

Health-related quality of life -

Nehrling 1985

Body weight (kg) -

  (Continued)
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Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile -

Glucose levels (fasting and postprandial) Fasting plasma glucose, 2-hour
postprandial plasma glucose (IO)

Insulin sensitivity/serum insulin -

All hypoglycaemic events ND

Severe/serious hypoglycaemia ND

Nocturnal hypoglycaemia ND

Severe/serious adverse events (specify) ND

- -

Diabetes-related complications -

HbA1c -

Health-related quality of life -

Body weight (kg) Weight (IO)

Socioeconomic effects -

Anthropometric measures other than body weight (kg) -

Lipid profile Cholesterol, triglycerides (IO)

Glucose levels (fasting and postprandial) Fasting glucose (IO)

Insulin sensitivity/serum insulin -

All hypoglycaemic events ND

Severe/serious hypoglycaemia ND

Nocturnal hypoglycaemia ND

Stern 1976

Severe/serious adverse events (specify) ND

-: denotes not reported

aIn addition to definition of endpoint measurement, description of who measured the outcome (AO: adjudicated outcome measure-
ment; IO: investigator-assessed outcome measurement; SO: self-reported outcome measurement).

BMI: body mass index; HbA1c: glycosylated haemoglobin A1c; HDL: high-density lipoprotein; LDL: low-density lipoprotein; ND: not
defined; SAEs: serious adverse events.
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Appendix 12. Adverse events (I)

Trial ID Intervention(s) and comparator(s) Partici-
pants in-
cluded in
analysis
(N)

Deaths
(N)

Deaths
(% of par-
ticipants)

Partici-
pants with
at least 1
adverse
event
(N)

Partici-
pants with
at least 1
adverse
event
(%)

Partici-
pants with
at least 1
severe/seri-
ous adverse
event
(N)

Partici-
pants with
at least 1
severe/seri-
ous adverse
event
(%)

I: sucralose 207 - - - - - -Ensor 2015

C: D-tagatose 185 - - - - - -

I: steviol glycoside 23 0 0 3 13.0 0 0Barriocanal 2008

C: placebo 23 0 0 5 21.7 0 0

I: rebaudioside A 60 0 0 27 45.0 4 6.7Maki 2008

C: placebo 62 0 0 23 37.1 3 4.8

I: sucralose 67 0 0 - - - -Grotz 2003

C: placebo 69 0 0 - - - -

I: aspartame - - - - - - -Colagiuri 1989

C: sucrose - - - - - - -

I: saccharin and starch - - - - - - -Cooper 1988

C: sucrose - - - - - - -

I: sodium-cyclamate - - - - - - -Chantelau 1985

C: sucrose - - - - - - -

I: aspartame 30 0 0 6 20 - -Nehrling 1985

C: placebo (cornstarch) 33 0 0 14 42.4 - -

Stern 1976 I: aspartame 36 0 0 - - - -
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C: placebo 33 0 0 - - - -

-: denotes not reported

C: comparator; I: intervention; N: number of participants.

  (Continued)
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Appendix 13. Adverse events (II)

Trial ID Intervention(s) and comparator(s) Partici-
pants in-
cluded in
analysis
(N)

Partici-
pants dis-
continuing
trial due to
an adverse
event
(N)

Partici-
pants dis-
continuing
trial due to
an adverse
event
(%)

Partici-
pants with
at least 1
hospitalisa-
tion
(N)

Partici-
pants with
at least 1
hospitalisa-
tion
(%)

Partici-
pants with
at least 1
outpatient
treatment
(N)

Partici-
pants with
at least 1
outpatient
treatment
(%)

I: sucralose 207 - - - - - -Ensor 2015

C: D-tagatose 185 - - - - - -

I: steviol glycoside 23 0 0 - - - -Barriocanal
2008

C: placebo 23 0 0 - - - -

I: rebaudioside A 60 2 3.3 - - - -Maki 2008

C: placebo 62 1 1.6 - - - -

I: sucralose 67 0 0 - - - -Grotz 2003

C: placebo 69 0 0 - - - -

I: aspartame - - - - - - -Colagiuri 1989

C: sucrose - - - - - - -

I: saccharin and starch - - - - - - -Cooper 1988

C: sucrose - - - - - - -

I: sodium-cyclamate - - - - - - -Chantelau 1985

C: sucrose - - - - - - -

I: aspartame 30 1 3.3 - - - -Nehrling 1985

C: placebo (cornstarch) 33 0 0 - - - -

Stern 1976 I: aspartame 36 1 2.8 - - - -
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C: placebo 33 0 0 - - - -

-: denotes not reported

C: comparator; I: intervention; N: number of participants.

  (Continued)
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Appendix 14. Adverse events (III)

 

Trial ID Interven-
tion(s) and
compara-
tor(s)

Participants
included in
analysis
(N)

Participants with a specific adverse
event
(description)

Participants
with at least 1
specific adverse
event
(N)

Participants with
at least 1 specific
adverse event
(%)

I: sucralose 207 (1) Hypoglycaemia

(2) Pancreatitis

(3) GI disturbances

(1) 0

(2) 0

(3) -

(1) 0

(2) 0

(3) -

Ensor 2015

C: D-tagatose 185 (1) Hypoglycaemia

(2) Pancreatitis

(3) GI disturbances

(1) 0

(2) 0

(3) -

(1) 0

(2) 0

(3) -

I: steviol gly-
coside

23 (1) Abdominal fullnessa

(2) Headachea

(3) Dizzinessa

(4) Nauseaa

(5) Astheniaa

(1) -
(2) -
(3) -
(4) -
(5) -

(1) -
(2) -
(3) -
(4) -
(5) -

Barriocanal
2008

C: placebo 23 - (1)

(2)

(1)

(2)

I: rebaudio-
side A

60 (1) Influenza-like symptoms
(2) Gastroenteritis
(3) Gastrointestinal haemorrhage
(4) Cyst
(5) Hypoglycaemic episodes

(1) 1
(2) 1
(3) 1
(4) 1
(5) -

(1) 1.7
(2) 1.7
(3) 1.7
(4) 1.7
(5) -

Maki 2008

C: placebo 62 (1) Gastroenteritis
(2) Fracture
(3) Bronchitis
(4) Hypoglycaemic episodes

(1) 1
(2) 1
(3) 1
(4) -

(1) 1.6
(2) 1.6
(3) 1.6
(4) -

I: sucralose 67 - - -Grotz 2003

C: placebo 69 - - -

I: aspartame - - - -Colagiuri 1989

C: sucrose - - - -

I: saccharin
and starch

- - - -Cooper 1988

C: sucrose - - - -

I: sodium-cy-
clamate

- - - -Chantelau
1985

C: sucrose - - - -
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I: aspartame 30 (1) Headaches
(2) Constipation
(3) Itching
(4) Sinus congestion
(5) Gastroenteritis
(6) Severe diarrhoea

(1) 1
(2) 2
(3) 1
(4) 1
(5) 1
(6) 1

(1) 3.3
(2) 6.7
(3) 3.3
(4) 3.3
(5) 3.3
(6) 3.3

Nehrling 1985

C: placebo
(cornstarch)

33 (1) Eczema
(2) Dizziness
(3) Eye twitching
(4) Blurred vision
(5) Foot pain
(6) Nausea
(7) Musculoskeletal pain
(8) Rash
(9) Itching
(10) Ketoacidosis
(11) Diarrhoea
(12) Loose stools
(13) Less frequent stools
(14) Constipation
(15) General malaise
(16) Dry skin
(17) Gastroenteritis

(1) 1
(2) 1
(3) 1
(4) 1
(5) 1
(6) 3
(7) 1
(8) 2
(9) 2
(10) 1
(11) 1
(12) 1
(13) 1
(14) 1
(15) 1
(16) 1
(17) 1

(1) 3.0
(2) 3.0
(3) 3.0
(4) 3.0
(5) 3.0
(6) 9.1
(7) 3.0
(8) 6.1
(9) 6.1
(10) 3.0
(11) 3.0
(12) 3.0
(13) 3.0
(14) 3.0
(15) 3.0
(16) 3.0
(17) 3.0

I: aspartame 36 (1) Nausea
(2) Constipation
(3) Diarrhoea
(4) Loss of appetite
(5) Nervousness
(6) Reticulum cell sarcoma

(1) 1
(2) 2
(3) 3
(4) 1
(5) 2
(6) 1

(1) 2.8
(2) 5.6
(3) 8.3
(4) 2.8
(5) 5.6
(6) 2.8

Stern 1976

C: placebo 33 (1) Cramps
(2) Nausea
(3) Constipation
(4) Loss of appetite
(5) Nervousness

(1) 2
(2) 1
(3) 5
(4) 1
(5) 2

(1) 6.1
(2) 3.0
(3) 15.2
(4) 3.0
(5) 6.1

-: denotes not reported

aNot specified whether participants in the intervention or the control group experienced this specific adverse event.

C: comparator; GI: gastrointestinal; I: intervention; N: number of participants.

  (Continued)
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Appendix 15. Adverse events (IV)

Trial ID Intervention(s) and comparator(s) Partici-
pants in-
cluded in
analysis
(N)

Partici-
pants with
at least 1
hypogly-
caemic
episode
(N)

Partici-
pants with
at least 1
hypogly-
caemic
episode
(%)

Partici-
pants with
at least
1 noctur-
nal hypo-
glycaemic
episode
(N)

Partici-
pants with
at least
1 noctur-
nal hypo-
glycaemic
episode
(% partici-
pants)

Partici-
pants with
at least 1
severe/se-
rious hypo-
glycaemic
episode
(N)

Partici-
pants with
at least 1
severe/se-
rious hypo-
glycaemic
episode
(%)

I: sucralose 207 0 0 0 0 0 0Ensor 2015

C: D-tagatose 185 0 0 0 0 0 0

I: steviol glycoside 23 0 0 0 0 0 0Barriocanal
2008

C: placebo 23 0 0 0 0 0 0

I: rebaudioside A 60 - - - - - -Maki 2008

C: placebo 62 - - - - - -

I: sucralose 67 - - - - - -Grotz 2003

C: placebo 69 - - - - - -

I: aspartame - - - - - - -Colagiuri 1989

C: sucrose - - - - - - -

I: saccharin and starch - - - - - - -Cooper 1988

C: sucrose - - - - - - -

I: sodium-cyclamate - - - - - - -Chantelau 1985

C: sucrose - - - - - - -

I: aspartame 30 - - - - - -Nehrling 1985

C: placebo (cornstarch) 33 - - - - - -

 

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a
se o

f S
ystem

a
tic R

e
vie

w
s



N
o
n
-n
u
tritiv

e
 sw

e
e
te
n
e
rs fo

r d
ia
b
e
te
s m

e
llitu

s (R
e
v
ie
w
)

C
o

p
yrig

h
t ©

 2020 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

1
2
4

I: aspartame 36 - - - - - -Stern 1976

C: placebo 33 - - - - - -

-: denotes not reported

C: comparator; I: intervention; N: number of participants.

  (Continued)
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Appendix 16. Survey of trial investigators providing information on included trials

 

Trial ID Date trial author
contacted

Date trial au-
thor replied

Date trial au-
thor was asked
for additional
information
(short summa-
ry)

Date trial author provided data
(short summary)

Madjd 2017 31 July 2018;

10 January 2019

No answer NA NA

IRC-
T2015091513612N6

3 August 2018 No answer NA NA

Ensor 2015 17 June 2019 No answer NA NA

Barriocanal 2008 1 August 2018 No answer NA NA

Maki 2008 3 August 2018 No answer NA NA

EUC-
TR2006-002395-18-DK

30 July 2018 31 July 2018 NA 31 July 2018: the author informed us "that the
study have never been executed"

Grotz 2003 3 August 2018 No answer NA NA

Colagiuri 1989 3 August 2018 No answer NA NA

Cooper 1988 3 August 2018 No answer NA NA

Chantelau 1985 3 August 2018 3 August 2018 10 August 2018

Questions re-
garding method
and outcomes
reported

11 August 2018: authors clarified methodologi-
cal issues (participants were recruited until N = 10
was achieved; randomisation of what to start with
(sucrose versus cyclamate) was done openly by
flipping a coin; body weight was measured inde-
pendently by personnel unrelated to the study;
there were no dropouts); raw data are no longer
available. They wrote that "separate statistical
analysis – although not reported - for sucrose first
versus cyclamate first was done, but did not re-
veal any significant difference".

Nehrling 1985 No email address
available

NA NA NA

Stern 1976 No email address
available

NA NA NA

NA: not applicable.
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Appendix 17. Checklist to aid consistency and reproducibility of GRADE assessments (for comparison NNS versus sugar)

Item Health-re-
lated quali-
ty of life

Diabetes
complica-
tions

All-cause
mortality

Adverse
events

HbA1c Body
weight (kg)

Socioeco-
nomic ef-
fects

Was random sequence generation used (i.e.
no potential for selection bias)?

Unclear Unclear

Was allocation concealment used (i.e. no po-
tential for selection bias)?

Unclear Unclear

Was there blinding of participants and per-
sonnel (i.e. no potential for performance bias)
or outcome not likely to be influenced by lack
of blinding?

Yes Unclear

Was there blinding of outcome assessment
(i.e. no potential for detection bias) or was
outcome measurement not likely to be influ-
enced by lack of blinding?

Yes Unclear

Was an objective outcome used? Yes Yes

Were more than 80% of participants enrolled
in trials included in the analysis (i.e. no poten-

tial reporting bias)?e

Yes Yes

Were data reported consistently for the out-
come of interest (i.e. no potential selective re-
porting)?

Yes Yes

No other biases reported (i.e. no potential of
other bias)?

Unclear Unclear

Trial limita-
tions
(risk of

bias)a

Did the trials end up as scheduled (i.e. not
stopped early)?

Yes Yes

Point estimates did not vary widely? No (↓) YesInconsisten-

cyb

To what extent did confidence intervals over-
lap (substantial: all confidence intervals over-
lap at least 1 of the included studies point es-
timate; some: confidence intervals overlap

NR NR NR NR

No (↓) Substantial

NR
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but not all overlap at least 1 point estimate;
no: at least 1 outlier: where the confidence in-
tervals of some of the studies do not overlap
with those of most included studies)?

Was the direction of effect consistent? No (↓) No (↓)

What was the magnitude of statistical hetero-
geneity (as measured by I2): low (I2 < 40%),
moderate (I2 40% to 60%), high (I2 > 60%)?

High (↓) Low

Was the test for heterogeneity statistically
significant (P < 0.1)?

Statistically
significant
(↓)

Not statisti-
cally signifi-
cant

Were the populations in the included studies
applicable to the decision context?

Applicable Applicable

Were the interventions in the included studies
applicable to the decision context?

Highly ap-
plicable

Highly ap-
plicable

Was the included outcome not a surrogate
outcome?

No (↓) Yes

Was the outcome time frame sufficient? Insufficient
(↓)

Sufficient

Indirectness

Were the conclusions based on direct com-
parisons?

Yes Yes

Was the confidence interval for the pooled es-
timate not consistent with benefit and harm?

No (↓) No (↓)

What is the magnitude of the median sample
size (high: 300 participants, intermediate: 100

to 300 participants, low: < 100 participants)?e

Low (↓) Low (↓)

What was the magnitude of the number of in-
cluded studies (large: > 10 studies, moderate:

5 to 10 studies, small: < 5 studies)?e

Small (↓) Small (↓)

Impreci-

sionc

Was the outcome a common event (e.g. oc-
curs more than 1/100)?

NA NA

  (Continued)
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Was a comprehensive search conducted? Yes Yes

Was grey literature searched? Yes Yes

Were no restrictions applied to study selec-
tion on the basis of language?

Yes Yes

There was no industry influence on studies in-
cluded in the review?

Unclear Unclear

There was no evidence of funnel plot asym-
metry?

NA NA

Publication

biasd

There was no discrepancy in findings be-
tween published and unpublished trials?

NA NA

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to individual trials.
bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity based on I2.

cWhen judging the width of the confidence interval it is recommended to use a clinical decision threshold to assess whether the imprecision is clinically meaningful.
dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry, and discrepancies between published and unpublished trials.
eDepends on the context of the systematic review area.

(↓): key item for potential downgrading the certainty of the evidence (GRADE) as shown in the footnotes of the 'Summary of findings' table(s).

HbA1c: glycosylated haemoglobin; NA: not applicable; NR: not reported.

  (Continued)
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Appendix 18. Checklist to aid consistency and reproducibility of GRADE assessments (for comparison NNS versus placebo)

Item Health-re-
lated quali-
ty of life

Diabetes
complica-
tions

All-cause
mortality

Adverse
events

HbA1c Body
weight (kg)

Socioeco-
nomic ef-
fects

Was random sequence generation used (i.e.
no potential for selection bias)?

Unclear Unclear Unclear

Was allocation concealment used (i.e. no po-
tential for selection bias)?

Unclear Unclear Unclear

Was there blinding of participants and per-
sonnel (i.e. no potential for performance bias)
or outcome not likely to be influenced by lack
of blinding?

Yes Yes Yes

Was there blinding of outcome assessment
(i.e. no potential for detection bias) or was
outcome measurement not likely to be influ-
enced by lack of blinding?

Yes Yes Unclear

Was an objective outcome used? Yes Yes Yes

Were more than 80% of participants enrolled
in trials included in the analysis (i.e. no poten-

tial reporting bias)?e

Yes Yes Yes

Were data reported consistently for the out-
come of interest (i.e. no potential selective re-
porting)?

Unclear Unclear Unclear

No other biases reported (i.e. no potential of
other bias)?

Yes Yes Yes

Trial limita-
tions
(risk of

bias)a

Did the trials end up as scheduled (i.e. not
stopped early)?

Yes Yes Yes

Point estimates did not vary widely? Yes Yes YesInconsisten-

cyb

To what extent did confidence intervals over-
lap (substantial: all confidence intervals over-
lap at least 1 of the included studies point es-
timate;

NR NR NR

Substantial Substantial Substantial

NR
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some: confidence intervals overlap but not all
overlap at least 1 point estimate; no: at least
1 outlier: where the confidence intervals of
some
of the studies do not overlap with those of
most included studies)?

Was the direction of effect consistent? No (↓) Yes No (↓)

What was the magnitude of statistical hetero-
geneity (as measured by I2): low (I2 < 40%),
moderate (I2 40% to 60%), high (I2 > 60%)?

Moderate Low Low

Was the test for heterogeneity statistically
significant (P < 0.1)?

Not statisti-
cally signifi-
cant

Not statisti-
cally signifi-
cant

Not statisti-
cally signifi-
cant

Were the populations in included studies ap-
plicable to the decision context?

Applicable Applicable Applicable

Were the interventions in the included studies
applicable to the decision context?

Highly ap-
plicable

Highly ap-
plicable

Highly ap-
plicable

Was the included outcome not a surrogate
outcome?

Yes No (↓) Yes

Was the outcome time frame sufficient? Sufficient Sufficient Sufficient

Indirectness

Were the conclusions based on direct com-
parisons?

Yes Yes Yes

Was the confidence interval for the pooled es-
timate not consistent with benefit and harm?

No (↓) No (↓) No (↓)

What is the magnitude of the median sample
size (high: 300 participants, intermediate: 100

to 300 participants, low: < 100 participants)?e

Low (↓) Intermedi-
ate

Low (↓)

Impreci-

sionc

What was the magnitude of the number of in-
cluded studies (large: > 10 studies, moderate:

5 to 10 studies, small: < 5 studies)?e

Small (↓) Small (↓) Small (↓)

  (Continued)
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Was the outcome a common event (e.g. oc-
curs more than 1/100)?

Yes NA NA

Was a comprehensive search conducted? Yes Yes Yes

Was grey literature searched? Yes Yes Yes

Were no restrictions applied to study selec-
tion on the basis of language?

Yes Yes Yes

There was no industry influence on studies in-
cluded in the review?

No (↓) No (↓) No (↓)

There was no evidence of funnel plot asym-
metry?

NA NA NA

Publication

biasd

There was no discrepancy in findings be-
tween published and unpublished trials?

NA NA NA

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to individual trials.
bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity based on I2.

cWhen judging the width of the confidence interval it is recommended to use a clinical decision threshold to assess whether the imprecision is clinically meaningful.
dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry, and discrepancies between published and unpublished trials.
eDepends on the context of the systematic review area.

(↓): key item for potential downgrading the certainty of the evidence (GRADE) as shown in the footnotes of the 'Summary of findings' table(s).

HbA1c: glycosylated haemoglobin; NA: not applicable; NR: not reported.

  (Continued)
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Appendix 19. Checklist to aid consistency and reproducibility of GRADE assessments (for comparison NNS versus a nutritive sweetener)

Item Health-re-
lated quali-
ty of life

Diabetes
complica-
tions

All-cause
mortality

Adverse
events

HbA1c Body
weight (kg)

Socioeco-
nomic ef-
fects

Was random sequence generation used (i.e.
no potential for selection bias)?

Unclear Unclear

Was allocation concealment used (i.e. no po-
tential for selection bias)?

Unclear Unclear

Was there blinding of participants and per-
sonnel (i.e. no potential for performance bias)
or outcome not likely to be influenced by lack
of blinding?

Yes Yes

Was there blinding of outcome assessment
(i.e. no potential for detection bias) or was
outcome measurement not likely to be influ-
enced by lack of blinding?

Yes Unclear

Was an objective outcome used? Yes Yes

Were more than 80% of participants enrolled
in trials included in the analysis (i.e. no poten-

tial reporting bias)?e

No (↓) No (↓)

Were data reported consistently for the out-
come of interest (i.e. no potential selective re-
porting)?

No (↓) No (↓)

No other biases reported (i.e. no potential of
other bias)?

Yes Yes

Trial limita-
tions
(risk of

bias)a

Did the trials end up as scheduled (i.e. not
stopped early)?

Yes Yes

Point estimates did not vary widely? NA NAInconsisten-

cyb

To what extent did confidence intervals over-
lap (substantial: all confidence intervals over-
lap at least 1 of the included studies point es-
timate;

NR NR NR NR

NA NA

NR
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some: confidence intervals overlap but not all
overlap at least 1 point estimate; no: at least
1 outlier: where the confidence intervals of
some
of the studies do not overlap with those of
most included studies)?

Was the direction of effect consistent? NA NA

What was the magnitude of statistical hetero-
geneity (as measured by I2): low (I2 < 40%),
moderate (I2 40% to 60%), high (I2 > 60%)?

NA NA

Was the test for heterogeneity statistically
significant (P < 0.1)?

NA NA

Were the populations in included studies ap-
plicable to the decision context?

Applicable Applicable

Were the interventions in the included studies
applicable to the decision context?

Highly ap-
plicable

Highly ap-
plicable

Was the included outcome not a surrogate
outcome?

No (↓) Yes

Was the outcome time frame sufficient? Sufficient Sufficient

Indirectness

Were the conclusions based on direct com-
parisons?

Yes Yes

Was the confidence interval for the pooled es-
timate not consistent with benefit and harm?

NA NA

What is the magnitude of the median sample
size (high: 300 participants, intermediate: 100

to 300 participants, low: < 100 participants)?e

High High

What was the magnitude of the number of in-
cluded studies (large: > 10 studies, moderate:

5 to 10 studies, small: < 5 studies)?e

Small (↓) Small (↓)

Impreci-

sionc

Was the outcome a common event (e.g. oc-
curs more than 1/100)?

NA NA

  (Continued)
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Was a comprehensive search conducted? Yes Yes

Was grey literature searched? Yes Yes

Were no restrictions applied to study selec-
tion on the basis of language?

Yes Yes

There was no industry influence on studies in-
cluded in the review?

Unclear Unclear

There was no evidence of funnel plot asym-
metry?

NA NA

Publication

biasd

There was no discrepancy in findings be-
tween published and unpublished trials?

NA NA

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to individual trials.
bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity based on I2.

cWhen judging the width of the confidence interval it is recommended to use a clinical decision threshold to assess whether the imprecision is clinically meaningful.
dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry, and discrepancies between published and unpublished trials.
eDepends on the context of the systematic review area.

(↓): key item for potential downgrading the certainty of the evidence (GRADE) as shown in the footnotes of the 'Summary of findings' table(s).

HbA1c: glycosylated haemoglobin; NA: not applicable; NR: not reported.

  (Continued)
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Interventions described as "diet beverages", "diet sodas", or "diet soV drinks" were included only when the sweeteners used in the products
were suMiciently described to ascertain that they were non-nutritive sweeteners (NNS). We contacted the study authors for additional
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N O T E S

We have based parts of the Methods, as well as Appendix 1 and Appendix 3, of this Cochrane Review protocol on a standard template
established by the Cochrane Metabolic and Endocrine Disorders Group.
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Bias;  Body Weight;  Diabetes Mellitus, Type 1  [blood]  [complications]  [*diet therapy];  Diabetes Mellitus, Type 2  [blood]
 [complications]  [*diet therapy];  Glycated Hemoglobin A  [analysis];  Non-Nutritive Sweeteners  [*administration & dosage]  [adverse
eMects];  Nutritive Sweeteners  [administration & dosage];  Placebos  [therapeutic use];  Quality of Life;  Randomized Controlled Trials as
Topic

MeSH check words

Adult; Aged; Female; Humans; Male; Middle Aged

Non-nutritive sweeteners for diabetes mellitus (Review)
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